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INTRODUCTION 


It may be only a dim and distant memory. You may 
have a vague recollection of descending a long, 
creaky set of stairs into a dank basement to be greet- 
ed with frightening, yet intriguing, sounds and 
smells. Or perhaps, at sometime in your hazy child- 
hood, you wondered why that house down the street 
had a clothesline on the roof, and the light from the 
attic window blazed all night, every night. 

Every neighborhood had one of them. They seemed 
to live amongst us, but never quite with us. 

It wasn’t your imagination. What you encountered 
were the Radio Amateurs, more commonly known as 
hams, and they are still amongst us. To be certain, 
their form has changed; their mysterious activities 
are no longer as likely to turn their house into a 
smoldering pile of rubble, or take out a large portion 
of the power grid, but they are there, nevertheless. 

Amateur Radio is as old as radio itself. The hobby is 
populated by that unique brand of person who can 
never leave well enough alone. It is because of that 
distaste for the status quo that radio was “invented” 
in the first place. (We are careful to use quotes 
around the word invented, because discovered is a 
much more appropriate term. More on this topic will 
be explored in the following pages). 

There are few endeavors in life where people are 
pretty much free to explore their wildest scientific 
whims, within some quite reasonable governmental 
restrictions, as they are within Amateur Radio. Most 
of society takes a pretty dim view of kitchen-count- 


er biological experimentation, for instance, which is 
why these days we don’t hear much about amateur 
medicine. Likewise, the opportunities for garage 
nuclear experimentation are rather limited, despite 
one lad’s well-publicized and unfortunate experi- 
ence with this “hobby.” (For further bizarre reading, 
check out the numerous Internet references to “The 
Nuclear Boy Scout.”) 

Where else but in Amateur Radio can one collect a 
few spare parts from a garage sale, fling together a 
zero-budget radio transmitter, toss a wire over a 
tree, and communicate with other like-minded peo- 
ple on the other side of the world with no commer- 
cial or government infrastructure whatsoever, and 
do it perfectly legally? Where else but in Amateur 
Radio can an ambitious youth (or oldster, for that 
matter), for the price of a high-performance gaming 
computer, bounce radio signals off the Moon from 
his/her own back yard? (From here on “his” will be 
used in the tradional sense to indicate his or her, 
merely for the sake of saving printer’s inkc and wear 
and tear on my carpal tunnels, with no disrespect to 
the Amateur Radio YL community: in fact, we have a 
whole chapter dedicated to YLs!) Where else but in 
Amateur Radio can “Joe Six-Pack” make a signifi- 
cant contribution to scientific knowledge without a 
massive government research grant? 

Where, indeed? 

Any human activity that has been around for as 
long as Amateur Radio has been is bound to accu- 
mulate a certain amount of mythology along the way. 

Although Amateur Radio is a highly scientific endeav- 
or, it’s also a very artistic one. In fact, one of the key 


points of our very charter, as spelled out by the gov- 
ernment entity that regulates Amateur Radio, the 
Federal Communications Commission (FCC), is the 
stipulation that we “.. . advance the state of the 
radio art . 

It's both curious and significant that the FCC 
specifically uses the term art instead of science, or, 
more contemporarily, technology. This is explicit 
acknowledgement that there is always more than one 
way to shoe a horse. . . or do just about any human 
task. Although the laws of physics under which 
Amateur Radio operates are absolutely fixed, how we 
decide to take advantage of those underlying laws is, 
indeed, an art form. This is where the magic, poetry, 
mythology, and lore of Amateur Radio come in. The 
development of the Amateur Radio art has followed a 
winding path, with dead ends, forks, and countless 
rickety bridges along the way. In fact, it consists of 
many parallel paths, each blazed by enterprising 
experimenters who had to find their own way through 
the wilderness—not a wilderness of place, but a 
wilderness of knowledge. 

The journey is far from over. The Opus of Amateur 
Radio Knowledge and Lore will help you, the curious 
potential radio amateur, find your way through this 
great hobby and help you blaze your own trails. I 
trust it will be both entertaining and a wealth of per- 
haps some new information (or memories) of the 
hobby that the seasoned operator will appreciate. By 
the way, for those of you who are old enough to 
remember the thrill of seeing the Burma Shave signs 
along the side of the road, one after another, look for 
The Opus boxed words in this book. They will either 


rekindle memories for the grizzled reader, or raise a 
few eyebrows of the younger ones. 

Although this book is directed primarily at the new- 
comer to Amateur Radio, it should prove a valuable 
resource for the seasoned ham, especially as a tool 
for mentoring, or “Elmering,” the curious potential 
radio amateur. To this end, we have included some 
actual, genuine facts in several places throughout 
The Opus! We trust that by absorbing the informa- 
tion in this tome, you too may give the impression 
that you are in the possession of some valuable 
knowledge... at least to your potential protege. 

With all of the above being said, I trust you will enjoy 
this book. There’s an exciting world out there on the 
air. It is the wonderful hobby we call “Amateur Radio.” 

Vy 73, Eric P. Nichols, KL7AJ 
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ACT I 
What It Was... 


PRELUDE 


Amateur Radio as we know it has been around for 
a little over a century. It existed before it had a name, 
and even after it had a name, people weren't sure it 
was the right name. It started out with a lot of fairly 
clueless individuals doing things with electricity and 
wires. Mostly through accident, some of these same 
individuals discovered that a lot of the things you 
could do with wires could be done without wires. 

They called it “wireless,” because that’s about the 
only thing they knew for certain about it. Well, 
almost... 

As with any great discovery, there are always people 
lurking in the hallways wondering how they can make 
money from said discovery. In the case of wireless, 
these people, even before they knew what the discov- 
ery should be called, suspected they could make 
money from it. These people are called “professionals.” 

There is another class of people who also cling to 
new discoveries, but for entirely different motives. 
These people appreciate the discovery for what it is, 
not what it can do for them. These are the artists, 
poets, and prophets of science. (This is in clear con- 
trast with the profits of science.) These people are 
known as “amateurs.” 

The profound difference in the value systems of 
these two classes of individuals can be summed up 
quite neatly by the following: 

Professionals Built the Titanic. 

Amateurs Built the Ark. 


Bo Tank er 


CHAPTER 1 
Safety First 


After reading that marvelous best-seller The 
Dangerous Book for Boys by Conn and Hal Iggulden, 
I seriously considered omitting this chapter in its 
entirety, or at least relegating it to some lower status 
in the literary food chain. There is an inescapable law 
when it comes to innovation. Like most of the princi- 
ples Radio Amateurs live by, this law involves some 
arithmetic. I hate to use math so early in the book, 
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but we might as well get used to it, since ham radio 
is a mathematical hobby, among other things. Thus, 
here it is: 


Progress = Pain 


The effective Radio Amateur must always tread a 
narrow path between the cautious world of Adrian 
Monk and the latest conferee of the Darwin Awards. 
Personally, I have received some of my most profound 
revelations and creative triumphs immediately after 
getting knocked on my keister by unintentional elec- 
troshock therapy, but not everyone is as receptive to 
the benefits thereof as are those of my ilk. 

Therefore, in deference to our more tepid and timid 
practitioners, | am somewhat obligated to apprise 
you, dear reader, of some simple safety principles. 

I suppose the quickest way to get this unpleasant 
task out of the way is to list the various means by 
which a Radio Amateur might hurt himself (or her- 
self), after which we will describe preventive meas- 
ures and suggestions. A partial list is as follows: 


1. You can electrocute yourself. 
2. You can fall out of a tree, off a tower, or off a roof. 
3. You can burn yourself with a hot soldering iron. 
4, You can burn down your house. 
5. You can scald yourself with hot coffee. 
6. You can choke on small parts. 
7. You can poison yourself. 
8, You can have a car crash. 
9. You can get struck by lightning. 
10. You can strangle yourself with a wire. 
11. You can drown. 
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12. You can get shot by a neighbor, wife, and/or 


other individual who doesn’t share your enthusiasm 
for the hobby. 


Let us now address each of these points in detail. 

Number 1: Electrocution is a good place to start. 
Amateur Radio is an electrical hobby. Radio 
Amateurs, for the most part (with a few notable 
exceptions), have bodies that are every bit as subject 
to the ill affects of electricity as other mortals. 
Fortunately, the modern ham shack is far safer in 
this regard than those of yore. Most modern, com- 
mercially made radios have nearly inaccessible 
sources of dangerous electrical currents. With the 
advent of low-voltage, solid-state technology, you 
almost have to work at getting a lethal jolt. 

Contrast this with the typical radio shack of half a 
century ago, which consisted of a loose collection of 
extremely high-voltage components lashed together 
with bare jumper cables, sitting on the edge of a rick- 
ety and soggy desk, all powered by a distribution 
panel entirely populated with glass “fuses” bypassed 
with corroded copper pennies, and operated by a pre- 
teen sitting on a steel folding chair donning nothing 
but damp swimming trunks. 

It really is amazing that anyone survived the hobby 
at all. However, here we are, much to the chagrin of 
some. Now we need to acknowledge that many folks 
reading this book are not as willing to court disaster 
as are our more intrepid ancestors, so with that in 
mind, we present some sage advice as to how to avoid 
one major pitfall of amateur radio. First, let us cover 
some basic principles. 
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Electric shock results when a human body comes 
in contact with a source of electric current. The most 
severe form of electric shock is known as electrocu- 
tion, which is when death occurs. This is the least 
desirable form of electric shock for most Radio 
Amateurs and should be avoided whenever possible. 

The surest way to avoid electric shock is to have an 
insulator between your body and the source of elec- 
tricity. Insulators are things such as paper, rubber, 
glass, cloth, plastics, air, and space. Space is, by far, 
the most reliable insulator, and the more of it you put 
between your body and a potential source of electric- 
ity, the safer you'll be. One notable exception to this 
is lightning, which is defined as electricity that does- 
n't follow the rules. Although there are methods 
available to avoid intentionally attracting lightning, if, 

despite all of your best efforts, lightning decides it 

wants you, about all you can do is duck! However, 
statistically speaking, you'll be a lot safer if you deal 
with the sort of electricity that does follow the rules. 

Oddly enough, about 90% of all people who do get 

struck by lightning survive, but there's really no 
point in going out of your way to verify this. 

The opposite of an insulator is a conductor. 
Conductors are things such as copper, aluminum, 
iron, silver, saltwater, charcoal, and the aforemen- 
tioned damp swimming trunks. All of these are exam- 
ples of things you do not want between your body and 
a source of electricity. Oh, and I forgot to mention sol- 
der. There is a special reason I mention this sub- 
stance. To wit: 

Most of us old timers, long before anyone worried 
about poisoning ourselves with lead, carbon tetra- 
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chloride, asbestos, or lard employed what is known 
as the "three-point technique" for installing small 
components on a circuit board or chassis. This three- 
point technique consisted of a hot soldering iron in 
the right hand, a pair of needle-nose pliers in the left 
hand, and a sprig of solder held between the teeth. 
This was a very effective technique when one needed 
an extra hand, and nobody I know ever died of lead 
poisoning doing it. However, this is not recommended 
for working on a live circuit board—that is, one with 
electricity still applied. Solder is a very good conduc- 
tor; it is one of the things you do not want between 
your body and a source of electricity. 

One memorable day, I had forgotten this fact. 
Suffice it to say, nothing quite wakes you up out of 
your blissful reverie like having 48 volts pass through 
your mouth, down your esophagus, and out your 
nether regions. It felt like I was kicked in the head by 
a Cape buffalo with PMS. Good thing it was only 48 
volts. If it had been 120 volts, it probably would have 
blown the mandible off my skull. 

Thus, the lesson here is: When using the three- 
point technique, be sure to unplug the device in 
question. Of course, this may be a moot point, since 
the professional worrywarts tell us that holding sol- 
der between your teeth causes immediate, lethal poi- 
soning, much like global warming. Thus, it's best to 
use an alternative to the time-honored three-point 
technique, although I can't imagine what it might be. 

Number 2: Let's now move on to falls, another 
potential hazard for the active Radio Amateur. 

Amateur radio requires the use of antennas. Back 
in the olden days, antennas were known as "aerials" 
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for the simple reason that they were usually up in the 
air. Actually, aerial is a fine word. I really have no 
idea why it fell into such disuse. Antennas are things 
on bugs’ heads, in my thinking. It isn't even that 
descriptive a term, at least for most Amateur Radio 
manifestations of said hardware. 

Be that as it may, since antennas, or aerials if you 
will, are up in the air, one probably should be aware 
that what goes up may come down. Also, if, in the 
process of erecting or maintaining an aerial, you go 
up along with it, there is the possibility that you may 
come down, too, Gravity can be most unforgiving in 
this regard. 

Fortunately, there are several ways of getting an 
aerial up in the air without you going up with it, and 
if at all humanly possible, these methods should be 
explored first. 

Radio Amateurs have a long history of using trees 

to support simple wire aerials. In fact, most hams of 
long standing are fully convinced that a certain num- 
ber of trees were put on the Earth for the express 
purpose of supporting wire aerials, this author has 
included. In fact, it can be fairly reliably demonstrat- 
ed than many more trees are suitable for supporting 
wire aerials than are suitable for supporting human 
beings, even though human beings were climbing 
trees long before the aerial was invented (to the best 
of our knowledge). 

The salient point here is this: There is very little 
chance of falling out of a tree if you avoid climbing it 
in the first place. 

One of the most time-honored methods for getting a 
wire aerial into a tree without climbing it is the use of 
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a slingshot and sinker, or, alternatively, a bow and 
arrow. Either one of these devices can be used to 
launch a length of fishing line over an accommodat- 
ing branch, which can then be used to hoist the wire 
aerial. Of course, each of these methods has certain 
hazards associated with them, as well. It's probably 
not a great idea to use a hunting arrow, as there is a 
likelihood someone on the other side of the afore- 
mentioned tree might be on the receiving end. Even if 
the receiving party should survive, this action could 
result in collateral injury as described in method 12 
above. Therefore, it's probably better to use an arrow 
with a target tip—or if you are really a wimp, an 
arrow with one of those rubber-blob thingamajiggers 
on the “business end.” 

Sooner or later, most hams find that wire aerials in 
trees leave something to be desired. At this point you 
will find that you have graduated to aerials support- 
ed by things from which you can fall, most common- 
ly roofs and towers. The main difference between 
roofs and towers is that generally roofs aren't quite as 
high as towers. What this means is a fall from a roof 
is more likely to cause long term, painful, crippling 
injuries, whereas a fall from the top of a tall tower is 
more likely to finish you off in a rather painless man- 
ner. Also a fall from a really, really tall tower is likely 
to immediately embed you in the earth, so the trou- 
ble and expense of a burial are usually circumvented. 

If after carefully considering your potential fate you 
still want to erect an aerial on something from which 
you can fall, there are simple precautions that can 
assure a safe return to the ground. Always have an 
experienced ham or professional erect and inspect 
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your tower. Unless you are a structural engineer, you 
probably aren't qualified to determine if you have a 
safe tower. It doesn't do you a whole lot of good to 
have yourself safely secured to a tower if the tower 
collapses with you on it. 

Never, never, never climb a crank-up tower—period. 
Don't even think about it. Crank-up towers are guil- 
lotines in disguise. You could easily end up beside 
yourself. 

In fact, never insert any body part through a crank- 
up tower. I'm not just saying this in an offhanded 


manner. 

Always use the proper equipment and common 

sense when climbing a tower. Well, maybe not com- 
mon sense; if we had any common sense, we would- 
n't be climbing towers in the first place now, would 
we? However, if you must, be sure you have an 
approved safety harness, a hard hat, solid shoes— 
and, most important, someone else with you who 
knows what he is doing. Never climb a tower alone. 
Your buddy should be able to recognize that some- 
thing might be amiss as you are dangling upside 
down by your safety rope sixty feet off the ground. 

A good source of safety training for climbing towers 
and such is your local fire department. It can tell you 
all about ropes and knots and other equipment I 
might have overlooked. While you're at it, you might 
want to take a course in CPR. This is a good addition 
to your climbing buddy. I never used to pass up an 
opportunity to practice mouth-to-mouth on the rub- 
ber lady. Nowadays, though, they have more realistic 
CPR dummies. If you take a more recent CPR course, 
you'll get to be intimate with a middle-aged, bald, fat 
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rubber guy—a much closer approximation of your 
climbing partner—and you. 

Number 3: How about hot soldering irons? Most 
amateur radios are held together with solder. Well, 
perhaps that needs some elaboration. The parts 
inside most amateur radios are connected with sol- 
der. Solder is an alloy of lead and tin (although these 
days there is a trend toward lead-free solder). Solder, 
as mentioned above, is a good electrical conductor, 
which makes it particularly useful for sticking togeth- 
er electronic components. Solder melts at a tempera- 
ture of around 700-800 degrees, depending on the 
particular alloy. Molten solder can be a hazard, as 
one might surmise. Not only is it hot, but it tends to 
roll around a bit. I sport—well, perhaps sport is an 
inaccurate verb—a small scar on my “procreative 
utensil” as a reminder never to perform soldering 
operations at two in the morning whilst clad in paja- 
mas. Many seasoned hams can regale us with other 
similarly painful adventures, yet it never causes most 
of us to abandon the hobby altogether. We simply 
apply more caution—or clothing. For the most part, 
these injuries are more insulting than life-threaten- 
ing, but as with all hot objects and substances, due 
caution is advised. It goes without saying that any 
instrument capable of creating molten solder in the 
800-degree range might itself also be quite warm. Yet 
it must be said anyway, because grabbing a hot sol- 
dering iron by the business end can be extremely 
painful and stinky, and is done more frequently than 
one might imagine. Burning human flesh is one of 
those fragrances best left out of the ham shack. 

The best safeguard against this unfortunate event 
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is to use a proper soldering iron “caddy,” as incon- 
venient as that may seem. This practice makes it 
almost impossible for all but the most creative self- 
destructive individual to burn himself. Haphazardly 
placing the iron on the bench (we all are guilty as 
charged, by the way) is just begging to be burned. 
When you're deep in concentration on the circuit at 
hand, the temptation is to keep your eyes on the work 
and go into autopilot, working entirely by feel. The 
iron may be exactly where you placed it three-hun- 
dred solder joints before, but the three-hundred and 
first time, you'll grab it by the muzzle. .. . Trust me! 

Back in the olden days, soldering irons were fright- 
ful beasts. They resembled medieval maces as much 
as anything. They had a huge five-pound blob of cop- 
per you heated over your wood stove (or gas stove, if 
you were really high-falutin’), which held the heat 
long enough for you to march across the floor, down 
the stairs, and across the basement to your work 
bench. You probably could do about thirty solder 
connections before they cooled off enough to need 
reheating, whereupon you would have to march back 
across the basement, up the stairs, into the kitchen, 
and repeat the process all over again. In those olden 
days, hams got their exercise by marching all over 
creation with red hot, five-pound soldering irons. You 
weren't as likely to die of hardening of the arteries, 
but you had a better chance of burning off your foot. 

Therefore, as you can see, in some ways, ham radio 
has improved. Well, it's gotten safer, anyway. Maybe. 

Number 4: This leads us to burning down your 
house. In the early years of the hobby, most hams 
were considered insane, so they were relegated to the 
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barn, the dog house, or a tool shed in the far corner 
of the “back forty” with all their demon-infested 
equipment. Burning down the house was not a real 
hazard, because they weren't allowed in the house to 
start with. It was only after hams achieved a certain 
level of respectability that they became a real fire 
hazard. This hazard arose from two sources: red hot, 
five-pound soldering irons, and overloaded electrical 
wiring. At one time, house wiring consisted of bare 
copper wires draped across the wooden rafters, sup- 
ported by porcelain “insulators.” We use the term 
insulator lightly, because after an insulator was cov- 
ered with spider webs, dead bug guts, and soot from 
the cooking stove upon which the five-pound solder- 
ing iron was heated, they were no longer insulators. 
They were toaster elements. 

The one saving grace in all of this was that a typi- 
cal American house was perhaps likely to burn to the 
ground anyway, with or without a ham being resident 
therein. What this meant was that hams couldn't be 
blamed entirely for everything evil that beset the 
modern world, and therefore were gradually, eventu- 
ally, re-admitted, along with all their implements of 
doom, into their own homes. 

The fact of the matter is that normal Americans by 
the thousands were discov- 
ering things called “appli- 
ances” which ran off elec- 
tricity, and these appli- 
ances ran longer if those 
persnickety things called 
“fuses” just didn’t keep 
burning out all the time 
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and ruining their fun. Many of these appliances used 
just as much electricity as any ham did with all his 
demon-possessed widgets. Bypassing a fuse with a 
penny might have started in some unknown ham's 
radio shack, but it was popularized by, well, people! 

Nowadays, of course, we have things such as the 
National Electric Code, which means that it’s some- 
what harder to burn your house to the ground by elec- 
trical means. In fact, most modern Americans have 
never even seen a traditional fuse box, or 
open-frame wiring for that matter, which is probably a 
good thing. 

However, you can still burn your house to the 
ground if a hot soldering iron gets out of hand—or a 
space heater, or a toaster oven. Just be aware that 
not only do hams have to be aware of dangers pecu- 
liar to ham radio, but they can damage themselves or 
their property in “normal” ways, as well. 

Number 5: Let us now investigate hazard 5, scald- 
ing your carcass with hot coffee. 

Most hams drink coffee—lots of it. It is the potion of 
life that powers us through contest weekends and 
late-night construction projects. If, as a new ham, 
you don’t drink coffee yet, you will. 

For those readers “across the pond” who still possess 
Ag] a modicum of common 
“Ih sense, the following may 
come as a shock to your 
system(s). We Americans 
rechargin'?... need to be told that hot cof- 
fee is, well, hot. Our gov- 
ernment tells us we should 
know this ahead of time. 
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We have warnings on microwave ovens that inform 
us that materials emerging thence might be hot 
as well. 

Although most hams occasionally need to be 
reminded that it's probably not a good idea to climb 
a tower during a lightning storm, most of us do not 
need to be told that hot coffee might be hot. In fact, 
some of us more experienced Radio Amateurs actual- 
ly heat up our coffee for the express purpose of mak- 
ing it hot. 

Be that as it may, coffee can be a hazardous sub- 
stance in several ways. Like wet swimming trunks, 
coffee is a good conductor of electricity. If you acci- 
dentally spill a flagon of it on a high-voltage power 
supply, you are likely to witness considerable hissing 
and fizzing. If a part of your person happens to be in 
contact with the aforementioned spilled coffee, you 
yourself might also do some hissing and _ fizzing. 
Therefore, it’s a good idea to always keep your coffee 
at a lower altitude than any electronic device on 
which you are working. 

In a dimly-lit workshop, it's easy to mistake rosin 
soldering flux (a pasty, dark-brown, mildly toxic sub- 
stance) from coffee (another pasty, dark-brown, mildly 
toxic substance). The best indication that you've been 
dipping your soldering iron 
into your coffee rather than 4 
into the vat of soldering flux 
is that coffee usually works 
better for cleaning the slag 
off the soldering tip. 

After several such inad- 
vertent dousings, however, 
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you may find the coffee takes on a curious, tangy 
character, Although this is likely to be a marked 
improvement over what you've normally been drink- 
ing, this can have deleterious health effects and 
should be avoided whenever possible. (Note: This is 
not a suitable method for reheating your coffee, as 
convenient as it may be. Invest in a good “official” cof- 
fee warmer, You'll be glad you did.) 

Now for those of us who are indeed deemed inca- 
pable of safely handling hot liquids, there is a relative- 
ly newfangled alternative—i.e., cold, canned “energy 
drinks.” Most of these can be partaken with little 
chance of scalding yourself. They come with all kinds 
of Generation X-, Y-, or Z-sounding names—Rock 
Star, Kick My Butt, Cordless Bungee Jumper, and the 
like. Despite the “balls-to-the-wall” (forgive my 
Rumanian) sounding names of these drinks, the truth 
is these are wimpy alternatives to good, old-fashioned 
ham radio coffee sludge. Ask any contester. In addi- 
tion, these drinks lack the multi-tasking capabilities of 
genuine coffee. (For alternative uses of coffee, see 
Chapter 14, “Setting Up Your Very Own Ham Radio 
Station in Your Bedroom, Garage, Attic, Basement, or 
Perambulator.”). Our advice is to learn how to safely 
and properly handle coffee. (For our British friends, 
Aja) most of the references to 
“If coffee can be replaced with 
tea with little modification, 
except with regard to sol- 
dering flux. Tea generally 
does not thicken with age.) 
_Ik Number 6: We now come 
=u] to self-destruction, which 
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includes choking on small parts. This actually is 
more of a hazard than it was in days of yore because, 
well, radios are smaller nowadays. 

To be honest, the only time I really came close to 
choking to death on a small part, other than, perhaps, 
some prehistoric experience during my infancy, was 
when a transistor (I believe) had fallen, unbeknownst, 
into my coffee from an overhead shelf. (See how all 
these safety issues can be related?) I think I actually 
swallowed the item in question. In any case, it was a 
most unpleasant, and best unrepeated, experience. 

As unlikely as you are to undergo a similar trauma, 
you may (in fact, you should, if you are a ham worthy 
of the name) occasionally entertain young visitors in 
your ham shack. Young people, up to the age of 
around nineteen or so, have a penchant for inserting 
small foreign objects into their mouths and other ori- 
fices not intended for such. Be ever on the alert for 
this eventuality. Keep easily swallowed parts in 
appropriate bins until ready for use. In fact, you 
might even entertain the notion of labeling said bins 
so as to more readily find the parts in question. This 
is a wonderful, innovative idea, although I have yet to 
encounter any ham who has actually implemented it. 

I suppose there is some aspect of this hazard I've 
forgotten, but we should 
probably move on. 

Number 7: Let us now 
elucidate poisoning your- 
self. This is actually a more The Opus 
insidious danger than 
choking on small parts, 
because it can occur slow- 
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ly. Choking to death on a lock washer is more evident 
and immediate. 

The typical ham shack has numerous poisons of 
varying intensity. We mentioned coffee. We also have 
soldering fumes, something that has drawn a lot of 
attention in recent years; it’s probably a good idea to 
use some ventilation while soldering, although it real- 
ly spoils the ambiance. This is one of those gut- 
wrenching judgment calls. A good deal of my person- 
ality, for better or worse, is a direct result of having 
inhaled solder fumes for several decades. Far be it 
from me to deprive any young ham of such an enrich- 
ing experience. Again, however, I suppose, I am obli- 
gated to point this out. Solder contains lead, and 
molten solder emits lead in a vapor state, which can 
be inhaled, thereby causing the sundry deleterious 
things that lead is supposed to do. Some people are 
allergic to rosin flux, since it is an organic compound, 
closely related to some human-type amino acids and 
such, Burning rosin flux is believed by some to be 
potentially carcinogenic. 

We occasionally use corrosive compounds in the 
ham shack, such as circuit-board etching solutions. 
It is advisable to use rubber gloves and chemical gog- 
gles when etching circuit boards. Dispose of the used 
etchant solution in the proper fashion—which means 
don't flush it down the sink. Save it in a proper plas- 
tic bottle, sneak it over to your neighbor's garage, 
where, upon its discovery, they can flush it down 
their sink. No, just kidding. Scratch that from the 
record. Forget I ever said that. 

Instead, check with your local official bureaucratic 
entity for proper means of disposing these sorts of 
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things. Every city has a proper, official means for 
doing this, but it can vary from place to place. 

Hams use a lot of alcohol, as well—for cleaning 
things, that is. Alcohol is flammable, and further- 
more, it's invisible when it’s burning. We don't need 
to elaborate on the potential hazards associated with 
this property. 

Hmmm... On second thought, we are dealing with 
Radio Amateurs after all, aren’t we? Okay. Do not 
douse your hot soldering iron into a jar of alcohol to 
clean the tip. Especially, keep any open alcohol con- 
tainers a safe distance from open flames. There prob- 
ably aren't too many compelling reasons to have open 
flames in the modern ham shack in the first place, 
but considering the clientele, all bets are off. 

All alcohols are flammable, but in addition, dena- 
tured alcohol is quite toxic. Avoid using it for clean- 
ing your hands and such. 

If you are into homebrewing (ham radio equip- 
ment, that is, not alcohol), most likely you will want 
to paint your masterpieces. This is a task you defi- 
nitely want to do outdoors. Spray enamels and other 
paints are highly toxic, as are solvents such as 
Xylene, Toluene, and most other “enes.” Be sure 
your item is fully dried before you bring it indoors. 
The rule: If you can smell it, you're inhaling toxic 
fumes. There are toxic fumes you can’t smell, as 
well. Many hams spend a lot of time in the base- 
ment, which is where they have their ham shacks. 
Be sure to have carbon-monoxide detectors down 
there, because things that make CO, for instance 
crotchety old furnaces, frequently are also located in 
basements, and you can be poisoned to death in the 
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very same house where the XYL (ham lingo for wife) 
is upstairs sitting—um...err... ahh... unaware 
and blissful’—watching her favorite show on the tele- 
vision, with no ill effects whatsoever. 

Number 8: We now come to issue number eight: 
You can have a car crash. 

Many Radio Amateurs have radio stations (I guess if 
you're moving, it really isn’t a station, is it?) in their 
cars. It's a great way to enjoy the hobby while on the 
move, and you actually can be useful in the process. 
(In fact, in Alaska, they effectively pay us to have ham 
radios in our cars. We don’t have to pay vehicle regis- 
tration fees if we have a station capable of operating on 
at least five shortwave (HF) amateur bands. We also 
get free ham radio license plates, not a bad deal at all. 
Not every state is as accommodating as Alaska, but 
since we have about a square mile for every man, 
woman, and child up here, our state government is 
doing everything it can to bring more people here. We 
also have more hams per capita than any other entily 
on the planet, which is nice for us, too.) 

The downside of mobile hamming is that many 
people can’t walk and chew gum at the same time. 
This has come to light with the proliferation of cell 
phones in use by drivers, and the resultant prolif- 
eration of laws prohibiting the use of cell phones by 
drivers. Now I'm not sure an absolute blanket ban 
on radios and cell phones while driving is called for, 
but I do believe one should have to acquire an addi- 
tional endorsement on one’s driver's license to be 
allowed to do so. 

‘Tm sorry, sir/madam, but we don’t believe you're 
coordinated enough to talk and drive at the same time. 
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We therefore are issuing you a no-talle driver's 
license.” 

There is sound reasoning behind a two-tiered dri- 
ver's license such as this. Indeed, there are many of 
us who could achieve this endorsement. I used to 
operate Morse Code while driving the 405 Freeway in 
Los Angeles—with a stick-shift vehicle, no less—all 
without incident. I know many other hams equally 
qualified to handle this kind of multitasking. 
Therefore, we need to cut some slack. 

However, even if you could manage to acquire such 
a talking endorsement hands down, there are some 
reasonable precautions to take: Never wear head- 
phones while driving. You need to hear traffic 
sounds as well as that Somalian radioteletype sta- 
tion on 15 meters. Do not have any equipment that 
requires you to take your eyes off the road. . . ever! 
This includes modes such as slow-scan TV, or any 
other mode in which looking at a screen is neces- 
sary, such as teletype. (Yes, I know hams who actu- 
ally have done this!) Your radio should be set up to 
do everything by feel. This limits you to voice 
modes, and possibly CW. 

Of course, if you're parked, these restrictions don't 
apply, or if you're not driving, just “passenging.” Be 
sure you aren't too much of a distraction for the driv- 
er. Enough said on that. If you need further elabora- 
tion, you probably don't need to be doing this in the 
first place. 

Number 9: This subject encompasses lightning, not 
to be taken lightly. We mentioned earlier that there 
isn't much you can do if a lightning bolt has your 
number on it. However, you can avoid becoming tar- 
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get practice for Thor by understanding a few princi- 
ples... maybe. 

Tall metal objects attract lightning, and if you are 
near a tall metal object, that object is a shortcut to 
you. Stay away from tall metal objects when lightning 
is in the area. If you, like many hams, have a tall 
tower, there should be a conductive path to ground 
other than through the coaxial cable to your radio 
(and by extension, to you). If lightning is in the area, 
that outside path should be the only path to ground. 
In other words, you should disconnect your trans- 
mission lines from your radios and fling them out- 
side, if at all possible. The time to do this is before 
you see St. Elmo's fire crackling off the tips of your 
Yagi antenna elements. 

Now for the real facts of life: If you have a 50-foot 
tower, the only real way to guarantee that it won't get 
hit by lightning is to build a 200-foot tower next to it. 
However, even that’s not a perfect guarantee. 
Lightning writes its own rules as it goes along. If you 
get a chance to view some high-speed photography of 
lightning in action, this becomes very apparent. 

Lightning is very beautiful, very intriguing, and very 
necessary for life on Earth. It’s also a lot bigger than 
you are. Enjoy it at a distance, so you can enjoy it 
more than once. (See Appendix item “Natural Radio” 
for some safe, fascinating methods of doing just that. 

Number 10: We now explore strangulation, issue 
number ten, 

One of the great paradoxes of amateur radio is that 
it takes a lot of wires to launch wireless signals. 
Wires and living things are called upon to share the 
same spaces when it comes to ham radio. Many 
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hams, at one time or another, at least experiment 
with wire antennas suspended at roughly neck level. 
We need not elaborate on the hazards of this. The 
best solution is to keep your wires well above neck 
level. This is sometimes difficult to do, because it’s a 
lot easier to prune, twiddle, and just plain learn on a 
neck-level wire antenna. However, after you prune, 
twiddle, and learn, get your antennas (aerials) in the 
air! Most antennas work better up there anyway. 

In passing, I should mention a particular variation 
on this theme. We have lots of moose wandering 
around KL7. (KL7 is the traditional prefix of Alaskan 
ham radio callsigns.) Moose necks are a lot higher 
than people’s necks. Until you've been up close and 
personal with a moose (something to be avoided just 
as much as the aforementioned lightning), you don't 
realize how much higher. When a moose stumbles 
onto your “antenna farm” (not if, but when, mind 
you), your antenna will suffer, not the moose neck. 
Anything attached to your antenna wire will suffer as 
well—your favorite tree, your chimney, your tower— 
unless the wire is designed to break before your 
favorite tree, chimney, or tower. Do not use copper- 
weld (copper-clad steel wire commonly used for 
antennas) in moose country. Moose necks are not 
stronger than copperweld, but both moose necks and 
copperweld are stronger than your favorite tree, your 
chimney, or your tower. Something has to give, and it 
won't be pretty. You can work out the math. 

Incidentally, contrary to popular opinion (aided and 
abetted by such innocuous depictions as Bullwinkle), 
moose are not tame, docile animals. The only thing 
Bullwinkle got right is that they are dumb. Columnist 
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Be ever on the alert for animal visitors to your antenna 
farm. Moose are cranky enough even before they get 
unitentionally and unceremoniously hoisted up a 
telephone pole by their antlers. Don't make things 
worse than they have to be! 
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Dave Barry accurately describes moose as “the dis- 
gruntled postal workers of the animal kingdom.” It 


behooves you not to attempt to independently verify 
this claim. 


We're almost there. ... 

Number 11: Drowning now awaits our attention. 
This hazard is akin to the car-crash hazard, but with 
a twist. 

There is no better place on Earth to do some seri- 
ous hamming than on the high seas. The seafaring 
ham has a perfect grounding system, something his 
landlubber kindred can only dream of. Salt water is a 
conductor, and for the most part, good conductors 
make good antennas. (The relationship between good 
antennas and good grounds is a complex one, which 
we will discuss thoroughly in later chapters.) Suffice 
it to say that ham radio is good when you're at sea. 

The problem is that it seems a lot of hams who sail 
are a lot better at hamming than sailing, or perhaps 
when faced with such idyllic conditions, hams are just 
more likely to be concentrating on their hamming than 
their sailing. The seafaring ham should always be 
aware that he is on top of a body of water, which, 
except for relatively short periods of time, is not con- 
ducive to human life. He should always wear a life pre- 
serve, and have foul-weather gear handy. He should 
have a shipmate who really knows the ropes in case he 
doesn't. He should, ideally, know how to swim. 

Lightning and sailing seem to be attracted to one 
another, as well. This is not a recent discovery. St. 
Elmo, the patron saint of Ancient Mariners, is also 
the namesake of St. Elmo's fire, a phenomenon now 
recognized as corona—a plasma discharge on ships’ 
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rigging caused by the proximity of lightning. For cen- 
turies, perceptive sailors for have recognized St. 
Elmo's fire as a warning to go below deck, batten 
down the hatches, and if necessary, throw disobedi- 
ent prophets overboard. Modern seafaring hams, on 
the other hand, typically see St. Elmo's fire as a sign 
that they should shinny up the aluminum mast and 
readjust their antennas. Such hams are likely to suf- 
fer the dual indignities of being fried and drowned. Is 
it worth it? Hmmm... 

Number 12: Now, we come to the grand finale, haz- 
ard 12. 

From the beginning of time, people have not under- 
stood Radio Amateurs. When encountering one for 
the first time, the average person doesn’t know 
whether he should wear a clove of garlic around his 
neck or don a tin-foil hat. 

Like most things, lack of understanding breeds fear. 
For the most part, this fear is entirely unwarranted. 
Most Radio Amateurs are people just like—uh . . . 
well... uh—just like me! 

In the early years of the hobby most hams were just 
ignored. Their activities had absolutely nothing to do 
with anything anyone else was doing. Nobody ever 
accused them of interfering with their radios, 
because, well, hams were the only ones who had any 
radios. In some cases, the hams were the only ones 
who had electricity, and only because they “rolled 
their own.” 

It wasn't too long, however, before ordinary people 
started getting their very own radios. Actually, these 
ordinary people were far more akin to the Radio 

Amateurs of the time than today’s ordinary people 
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are to contemporary Radio Amateurs. It took the skill 
of a safecracker to properly tune in an Atwater Kent 
radio, even if just to listen to Fibber McGee. The 
“Average Joe” knew all about A, B, and C batteries, 
and knew how to tell if a tube was burned out. 
Therefore, he actually appreciated his friendly local 
neighborhood ham, who was an expert in all things 
electronic—which wasn’t all that much, at the time. 
The fear and loathing of radio faded away, while the 
mystery and romance blossomed. 

Radio Amateurs achieved hero status during two 
World Wars. People actually knew who we were. 

Some time around the early 1950s things began to 
change, though. The biggest change was that people 
could use technology without understanding it. This 
was a profound difference from the early Atwater- 
Kent era tweakers. Consumer electronics began to 
raise its often ugly head. Everybody wanted electron- 
ics, but didn’t even want to know how it worked. It 
was just expected to work. Radios and televisions 
proliferated, often built extremely cheaply (for the 
time). Thus were the beginnings of a dreaded new 
phenomenon, interference. 

For the most part, properly designed receivers, be it 
radios, televisions, or garage-door openers, are 
immune to interference from legally-operated ama- 
teur radio stations. The rub is this: Mass production 
and proper design are almost mutually exclusive. In 
the name of economics, engineering shortcuts were 
taken in most consumer electronics, making them 
highly susceptible to interference from both Amateur 
Radio and commercial radio sources. 


This is probably the greatest source of hostility of 
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the average person toward the Radio Amateur of 
today. Now, though, most people don’t actually shoot 
Radio Amateurs for wiping out their televisions while 
they're trying to watch their favorite television show. 
Nevertheless, it can be a source of un-neighborly feel- 
ings and threatened legal actions. Fortunately, 
though, such legal proceedings, almost without 
exception, find in favor of the Radio Amateur, and 
this fact in itself seems to irritate the “offended” per- 
son even further. 

The best solution to this problem is, of course, to 
not have any neighbors. Many, if not most, of us 
Alaskan amateurs have this option, and it’s a won- 
derful thing, indeed. However, I understand this is 
not a viable option in some other places. 

The next best thing, then, is to exercise some diplo- 
macy, should this problem arise. It also helps to be 
technically informed, as most of these interference 
problems can be resolved. 

There is a bright light at the end of the tunnel, as 
well. More and more people are abandoning free air 
television for satellite and other delivery modes, all of 
which are far less susceptible to interference from 
Amateur Radio than traditional television. It may be 
that in the not too distant future, Amateur Radio will 
be so alien to most people that we can be, once again, 
totally ignored. 

Hope springs eternal. 


4 I Bo Tanker 


CHAPTER 2 
The “Dead Hams Society” 


Honestly! This chapter's title has absolutely nothing 
to do with the previous chapter. It is not a macabre 
warning to go back and review the 12 basic means by 
which you might do yourself in. It’s just the proper 
place to put this chapter. You'll see why. 

It’s really hard to know where you're going if you 
don't know where you've been. Sometimes the best 
way to know where you've been is to study the lives 
of those who have been there before you. The one 
downside to this is that a lot of the people who have 
been there before you are now dead. 

The biggest problem with being dead is that some- 
times the people who are alive don't really realize 
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what you did when you were alive, and now there's 
not much you can do about it. This THEN leaves 
it up to us who are alive to do justice to those who 
no longer can speak for themselves, Because soon- 
er or later, we're going to be dead, too, and we'd 
want someone to do that for us. It’s just the right 
thing to do. 

Some of the most amazing Radio Amateurs who 
ever live are now dead Radio Amateurs. (I should 
qualify what we mean in this chapter by Radio 
Amateurs, or hams. In the early days of radio, all 
radio was amateur, if for no other reason than 
nobody figured out how to make any money at it... 
yet. I don't mean to imply that these giants had 
Amateur Radio licenses, as licensing hadn't even 
been implemented yet. Therefore, we include in the 
“Dead Hams Society” any of those forebears who con- 

tributed vastly to the radio art). 

We really need to look at what these dead hams did 
before they were dead. It really can be staggering, 
when you think of it. 

As it turns out, most people become old before they 
become dead. Because of this, it's easy to forget that 
what these old Radio Amateurs did was, at one time, 
so new, so radical, and so cutting-edge, that nobody 
even had a name for it. 

Be aware that in recent years there has been an 
unceasing debate as to who actually invented 

radio. It is not our intent to answer that question, 
or even enter that debate. There are many places 
you can learn about this in far greater detail than 
we can possibly state here. It does make for some 
fascinating reading and is well worth looking into. 
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It’s been done far better elsewhere than can possi- 
bly be done in this opus. 

If there is a lesson in this chapter from which the 
reader should emerge, it is this: Things exist because 
people create them, and for the most part, those peo- 
ple who create things are a whole lot smarter than 
you or me. When it comes to radio, those creative 
people had a lot less to work with than you or I do, 
We become enamored with our own cleverness when 
we look at cell phones, or satellites, or even remote 
garage-door openers. In reality, all these modern con- 
veniences are mere, almost insignificant, refinements 
and tweaks to an astonishing, fundamental insight 
passed on to us from hams who now are dead. 

A hundred years ago, hams created radio, quite lit- 
erally out of thin air. They had no coat-tails upon 
which to ride. There was nothing to refine. There was 
nothing to tweak. Nobody had ever seen a radio wave. 
It was, at most, a mathematical concept put forth 
most succinctly by James Clerk Maxwell in 1864, 
just about a quarter century before Heinrich Hertz 
demonstrated the physical existence of radio waves. 

Here's the astonishing thing: The actual hardware 
necessary to generate or receive a radio wave is, to 
borrow modern commercial vernacular, “So simple, a 
Caveman can do it.” That makes one really wonder: 
Why didn’t a Caveman do it? Or a Chaldean. Or an 
Egyptian. Or a Roman. Or a Greek. Or Shakespeare. 
Or J. S. Bach. Or Gutenberg. Or Michelangelo. Or 
Leonardo da Vinci? It’s probably a safe assumption 
that all of these people were a lot smarter than 
Cavemen, and they were even a lot smarter than 
99.9999% of us. What gives? 
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For one thing, this demonstrates that knowledge 
does not always take a logical, progressive path. 
There are times when one has to take an intuitive 
leap to the next level. This is the difference between 
invention and discovery. There are dozens of patents 
granted every day, and most of the people who are 
granted patents are pretty doggone smart people. On 
the other hand, fundamental discoveries are few and 
far between, and many people who make them end 
up with Nobel prizes. Discovery takes an entirely dif- 
ferent Ikind of intelligence than just “smarts.” 

There's something else, though. Most human 
“smarts” are applied to solving problems. This is 
where we get the concept that “Necessity is the 
Mother of Invention.” But fundamental discovery sel- 

dom, if ever, results from trying to solve a particular 
problem. The laws of the universe existed long before 
any problems existed! A law cannot be invented; it 
can only be discovered. All true science involves dis- 
covering the laws that make everything else work. To 
put it another way, invention addresses the symp- 
toms; discovery addresses the primary causes. 

To make a fundamental discovery, as opposed to a 
mere clever invention, requires unmitigated humility, 
which is one reason why it’s such a rare occurrence. 
Human beings—especially “smart” human beings— 
don't like the prospect of discovering a universal law 
that they can't possibly “fix.” However, they get a good 
feeling by being able to fix another problem that some 
other “smart” human being created in the first place. 

It's probably self-evident from this as to why politics 
and innovation, with a few rare exceptions, are 
almost always mutually exclusive. 
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Two of these notable exceptions are Ben Franklin, 
and on the other side of the pond, Antoine Lavoisier. 

Lavoisier, the discoverer of oxygen, among other 
things, was beheaded during the French Revolution. 
There probably were as many people in the Colonies 
who might have desired to do in Mr. Franklin as well. 
However, since beheading was not the normal domes- 
tic way of dealing with political disagreement here, 
Franklin managed to retain a perch for his three-cor- 
nered hat until a ripe old age. 

Be that as it may, Lavoisier probably could have 
avoided a lot of problems if he'd just avoided politics. 
He had apparently made some rather revolutionary 
public statements, and as a result, lost a lot of face . 

. and cranium, as did his lovely wife. 

To the best of our knowledge, Lavoisier made very 
few contributions of either a scientific or political 
nature, after his beheading. This was much to soci- 
ety’s detriment not only in France, but anywhere peo- 
ple could have used a good scientist. Guillotines were 
a dime a dozen; true statesmen such as Lavoisier 
were hard to come by, and still are. Mr. Franklin and 
Mr. Lavoisier are, of course, fully qualified members 
of the “Dead Hams Society.” 

As a little side note, another distinguished French 
dead ham was the brilliant mathematician Joseph 
Fourier, who was nearly beheaded for not being revo- 
lutionary enough. Sheesh! It seems like you can't 
please anyone in the middle of a raging civil war! 
Fourier’s contributions are probably more closely tied 
to modern Amateur Radio than those of any other 
French dead ham. He's definitely in the club. 

So, for whatever reason, we find that lots of dead 


50 The Opus of Amateur Radio Knowledge and Lore 


hams were great discoverers. The best indicator that 
you are a discoverer is that you have a law named 
after you. Thus, we may confidently include names 
such as Ohm, Faraday, Ampere, Coulomb, Kirchoff, 
Watt, Volta, and Thevenin, just to name a few. All the 
above qualify for the “Dead Hams Society” as well, on 
two counts. They were amateurs—i.e., most of them 
died penniless—and they all are dead. 

The ultimate compliment for any true Radio 
Amateur is to have a scientific phenomenon named 
after you. If you think you've got the goods, go for it. 

Now, one would ask, what sort of training does it 
take to be a discoverer? I wish I knew. In fact, I don't 
know if there is any. If there is one thing in common 
with all these “Dead Hams Society” members, it is, as 
we mentioned before, genuine humility. Another is 
insatiable curiosity. I've never seen a college course 
offered in either of these disciplines. Perhaps that's 
why this book has been written. 


Impractical Babies 
or 
For the Love of Radio 


In 1899, Charles H. Duell, the Commissioner of the U.S. Patent Office, 
said, “Everything that can be invented has been invented.” 

Well, you can't always be right, but that's probably a good thing. 

Radio Amateurs have a long history of doing things that couldn't be 
done, and probably in a few cases doing things that shouldn't be done. 
They started doing it not too long after the illustrious Mr. Duell uttered his 
famous last words. 

Practical radio is roughly a century old, give or take a decade, 
although hints of radio's potential existence preceded that by perhaps 
fifty years or so, One's definition of practical may be open to some inter- 
pretation, of course, which brings us to an interesting anecdote (no, not 
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antidote, since there is no antidote to radio), which will actually set the 
theme for much of the remainder of this book. 

Michael Faraday, perhaps my greatest hero, demonstrated electro- 
magnetic induction, the principle of the electrical transformer, in 1830, 
before the Royal Society of England. The Royal Society was the premier 
meeting place of smart people whose sole purpose was to tear apart 
other smart people. The meetings of the Royal Society were sort of like 
Roman Gladiator games but without the lions. (Well, there were proba- 
bly statues of lions outside the meeting hall, being English and all that. 
English people are really into lions, going at least as far back as Richard 
the Lionhearted. However, they probably didn’t have any real lions in the 
Royal Society meeting hall). 

Anyway, after Mr. Faraday brilliantly demonstrated how one could 
induce an electric current from one coil of wire to another coil of wire with 
no physical connection between them, one of the gray-bearded critics 
approached him and said, “That's all very interesting, Mr. Faraday, but 
of what practical value is that?” 

Without missing a beat, Mr. Faraday replied, “Of what practical value 
is a baby?” 

It was the perfect answer, and the only possible answer from an intel- 
lectual giant to a mental midget, an answer that left the questioner stut- 
tering helplessly for a response, no doubt. 

Mr. Faraday understood something. It isn't what you see that matters; 
it's what the potential of becoming that matters. Mr. Faraday was a 
visionary. It was rare in his time, and it is rare today. 

Despite his cool reception amidst the lion statues, Mr. Faraday 
became famous for having the Farad, the basic unit of capacitance, 
named after him, as well as the Faraday Shield, plus a few other elec- 
trical laws. Needless to say, his nameless detractor is still... well... 
nameless, Let that be a lesson to you! 

Most people don’t “get” Amateur Radio. In fact, you may be one of 
those people. That's okay, though. Lots of people don’t “get” babies, 
either, but that doesn’t mean they stop having them. There’s always a 
chance that a baby may grow up to being something wonderful and pro- 
ductive in a capacity that contributes to the world some day, and some- 
times they're a lot of fun well before that. 

Radio Amateurs practice Amateur Radio for exactly the same reason 
“normal” people have babies—because it's fun and it has the potential 
of growing into something bigger, which is a lot of fun, too. 


Why Are You Here? 


If you happen to be contemplating becoming a Radio Amateur 
because of some sense of civic obligation; or because someone sug- 
gested you should; or because your father, brother, sister, or weird Uncle 
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Cosmo is a ham; or because you have some need to belong to some- 
thing; or you've been told that “we” need to swell the ranks of Amateur 
Radio for some reason, then don't. There is one reason to become a 
Radio Amateur, and it's right there in the name, amateur It means a /over 
of. On very rare occasions, someone may enter the ranks of Amateur 
Radio through one of the aforementioned paths and later become a lover 
of radio, but these are extremely rare exceptions. In recent years 
Amateur Radio has had a high attrition rate because the very essence 
of Amateur Radio... amateur... has seriously been underplayed. 

On the other hand, if you happen to have picked up Opus out of sheer 
curiosity, then it’s a fair bet that Amateur Radio is for you! 

Now there's a strange paradox in this. (Hmmm... | guess most para- 
doxes are strange, aren't they?) /f you happen to become a Radio 
Amateur for the sheer love of radio, you'll find that all the things we men- 
tioned above will come about anyway: camaraderie, public service, nat- 
ural growth, and even something in common to share with weird Uncle 
Cosmo! The indisputable fact is that those who become Radio Amateurs 
do so because they love radio, and they remain Radio Amateurs, most 
of them for life. 

Does this mean that you have to be a budding rocket scientist, engi- 
Neer, or plasma physicist to be a Radio Amateur? Not at all. However, at 
a bare minimum, a curiosity about how radio works at some level is an 
absolute prerequisite (although not specifically mentioned in any licens- 
ing exams, sadly enough). One of the main reasons the FCC has allo- 
cated valuable radio spectrum to Radio Amateurs is so we can “con- 
tribute to the radio art’—to make babies, as it were. It is incumbent upon 
every Amateur to contribute something to the radio art. It doesn’t mean 
you have to design a new transmitter from scratch, or patent a new inte- 
grated circuit. It simply means you should have enough mastery of the 
‘tools of the trade” to increase the body of knowledge within hamdom. 
You can write an article. You can teach a ham class. You can help solve 
an interference problem. You can help a local contester get ready for the 
big event. You can learn how to solder. 

You can even ask a stupid question that causes someone else to do 
some investigation. In fact, this may be the single, biggest contribution 
you can make as a Radio Amateur . . . to create curiosity! 

| would like to close this part of Opus simply by reiterating what Mr. 
Duell said: “Everything that can be invented has been invented.” It was 
wrong in 1899, and it is wrong now. 
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CHAPTER 3 
Zero-Budget Ham Radio 


Getting an Amateur Radio license and actually get- 
ting on the air can be two very different things. An 
Amateur Radio license is a piece of paper; an Amateur 
Radio station is usually a bit more. Fortunately, how- 
ever, it doesn’t have to be a whole lot more. 

If you are a new ham and are looking to create a 
station of your own, the very last place on Earth you 
want to look for equipment is in the ham catalogs. We 
are dead serious about this. (I am free to use the 
“royal we,” because I'm the creator of this tome). Let’s 
look at this situation a bit further. 

Once upon a time, in a galaxy far, far away, just 
about every college, high school, and a lot of elemen- 
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tary schools had a working amateur radio station. 
The average novice (with a small “n” to distinguish it 
from the now defunct Novice class license) had no 
lack of opportunity to get his feet wet in Amateur 
Radio without spending a dime. Most club stations 
had a pretty eclectic collection of radios to try out, 
ranging from excellent to abysmal. Usually, “Norman 
Novice” had a pretty good idea of what he wanted .. . 
or wanted to avoid . . . well before he went out to 
spend his hard-earned dog-walking money. 

Working Amateur Radio stations is rare in institu- 
tions of “education” these days. Funding of such 
extravagance seems to have fallen somewhere behind 
metal detectors and drug-sniffing dogs. Personally, I 
think a kid with a soldering gun in his hand is much 
less likely to be holding a shoot-‘em-up type gun in 
the same hand, but that’s just my silly logic getting 
away from me, I suppose. 

Therefore, except for a few rare cases, the new ham 
has to find the second-best alternative, which actual- 
ly may be the best alternative, after all. We're talking 
about finding a local, experienced ham with a real 
operating station, a mentor. 

Such people are called “Elmers” in ham lingo, 
although nobody is exactly sure why. We are told that 
it has nothing whatsoever to do with Elmer Fudd. 

In any case, your number one assignment as a 
newly licensed ham is to find an Elmer. AS we men- 
tioned in the introduction to this book, every neigh- 
borhood has one; sometimes you just have to look. 
The guy who administered your license exam prob- 
ably knows where you can find an Elmer in your 

bailiwick. 
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Now be forewarned. It is well within the realm of 
possibility that your Elmer may indeed bear a strik- 
ing resemblance to Elmer Fudd. Don’t let this disturb 
you too much. There's probably a lot’ more activity 
going on under that tattered hunting cap than you 
might suspect. You are likely to find that Mr. Fudd is 
more than willing and able to impart some of that 
wisdom to you. But even more than that, Mr. Fudd 
has something you really want: a ham radio station 
you can operate for free! Take advantage of this as 
much as possible. Be willing to do a few chores 
around the shack in exchange for your free room and 
board. I highly recommend you acquaint yourself 
with Phil Gildersleeve’s famous Jeeves character. Phil 
Gildersleeve was an illustrator and cartoonist for QST 
magazine for decades. His cartoons were the epitome 
of “Elmering.” Jeeves was a butler willing to do any- 
thing for his unseen master...and learned a whole lot 
in the process. 

Sooner or later you will have outstayed your wel- 
come at Mr. Fudd's castle. You will want to have a 
station of your very own. Ideally, you will have 
learned something of the fine art of homebrewing 
from your Mr. Fudd. At the very least, Mr. Fudd will 
be able to guide your stumbling steps through the 
gobbledygook in the stacks of ham catalogs on his 
desk, a treacherous path you should never attempt 
on your own. 

However, this may not be necessary either. Your Mr. 
Fudd, in all likelihood, has a few extra radios lying 
about and probably will be more than willing to part 
with one or two on a “permanent loan” basis. This is 
how I got my start in ham radio. 
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I should mention here that I was licensed for 35 
years before I ever owned a single piece of new ham 
radio gear! I'd already been a “semi-famous” ham fora 
few decades, having written lots of articles for QST and 
most other existing (and defunct) ham magazines 
before I splurged for a newfangled software-defined 
radio. By all rights, I've “deserved” new ham radios as 
much as anyone, but I never felt deprived in the least. 
I've always had top-notch radios . . . lots and lots of 
them, and even a few that seasoned in-the-know hams 
would die for. However, I've never paid more than a 
fraction of the full price for any of them. My secret? 
Simple. I've always just waited until they were no 
longer new! It’s called delayed gratification. It’s actual- 
ly avery good skill to acquire, whether buying a house, 
buying a car, or getting an education—or even a wife. 

It's also politically incorrect, but so is most of this 
book, as you might have guessed by now. 

Here is a story by Neal Brown, well-known Alaskan 
scientist and former director of Poker Flat Research 


Range. 


When I was about 13 years old, I worked all summer 
watering the 50 chickens on the farm ! grew up on near 
Pullman, Washington to earn 50 dollars from my folks 
to buy a Hallicrafters receiver back in about 1952. This 
was a part of proving to them I was really serious about 
wanting to become an Amateur Radio ham. 

I continued to prove to my folks I really wanted to 
become a ham, and | got my Novice license, WN7USB, 
and later, my General Class license. 

I borrowed my first transmitter, 35 watts as I recall, 
from an Elmer. I erected a 40-meter antenna and 
enjoyed CW while a Novice. 

My story revolves around the carbon microphone my 
Elmer lent me with that transmitter. Of course I was 
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not licensed for voice transmissions and I did not try. I 
was so glad to be an Amateur, and CW was a great 
adventure. I did not want to be illegal and had no desire 
to use voice transmissions until I qualified. 

But I had a huge curiosity and no knowledge about 
how a carbon microphone worked. So one day I took off 
a covering screw cap and pried the glued-down, inch- 
diameter aluminum-foil voice cover up enough to see 
inside and in the process managed to spill all the teeny 
carbon granules out onto my bedroom floor to be lost 
forever. It seems like there was a pin soldered from the 
center of the foil to the bottom. I remember it did not 
come apart completely. 

I lost so many granules I knew it would never work as 
it was. I tested it, and it did not work. 

I hid the microphone and sweated bullets while I sent 
for and waited for a small bottle of replacement carbon 
microphone granules to come in the mail. As I recall, 
the cost was about $3.00. I never told my folks about 
what happened, and they never asked, and my Elmer 
wanted his transmitter back one of those undefined 
days. 

The carbon granules arrived, and I inserted back in 
about as many I thought had fallen out. Who knew how 
many were in there originally? I glued the aluminum 
foil back down to the rim of the microphone. 

And when I tested it, it worked. I have no idea how 
well, but as far as I could tell it worked well enough that 
I hoped no one would ever know of how my curiosity got 
the better of me. 

I returned the transmitter to my Elmer and he later 
never said anything about it, one way or the other, 
other than to say he was happy to help me. 

After 1 got my General, I worked and earned enough 
money to buy a Harvey Wells TBS-50C transmitter. I 
bought a VFO to go with it, no more single-frequency 
crystals, and it had an 807 tube final that might have 
put out almost 50 watts. It could operate on many of 
the ham bands below 20 meters. 

Neal B. Brown, WL7NZ 
Alaska Science Explained 
Fairbanks, AK 


bo Fanker 


CHAPTER 4 
That Dad-burned Code 


I've always liked carrots better than sticks. Since 
the beginning of time . . . well, since the beginning of 
radio, anyway, which for many of us are equivalent 
events . . . knowledge of Morse Code has been a 
requirement. People exclusively used Morse Code 
(more accurately termed International Radiotelegraph 
Code) on the radio long before anyone figured out 
how to make voices go over the air. It is still one of the 
most efficient means of getting a radio signal from 
point A to point B. Because of its simplicity, efficien- 
cy, and universality, Morse Code has been considered 
the Lingua Franca of amateur radio. That's Latin for 
“If you don’t know this, you're a moron.” 
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Morse Code is no longer a requirement for any class 
of Amateur Radio license, the culmination of a step- 
by-step dismantling of this time-honored tradition. 
Many new hams are surprised to find that when tun- 
ing around the shortwave bands, there is still a ton of 
high-speed Morse Code being flung around the ether 
waves. 

“Why would anyone be doing this if they didn’t have 
to?!” is a common question. 

Of course, the toughest questions are answered 
best by further questions. The correct “question- 
answer” for this is “Why would anyone go though the 
trouble of chewing and swallowing food, when you 
can you can just take it intravenously?” 

The fact of the matter is that tens of thousands of 
radio amateurs actually enjoy using Morse Code and 
wouldn't have it any other way, and these numbers 
don't just include those Luddites who haven't discov- 
ered the microphone yet. Many extremely technically 
minded and cutting-edge hams use Morse Code for 
the sheer challenge and pleasure of it. Morse Code is 
an art form, just like calligraphy, playing the didgeri- 
doo, or crop-dusting. Plus, there are a few experi- 
mental modes where Morse Code is the only viable 
means of communication. Examples of this are 
moonbounce, meteor scatter, and ELF (extremely low 
frequency) communications. 

Learning the Morse Code isn’t all that hard. Look at 
it this way: Over a billion people speak, read, and 
write Mandarin Chinese, which has 1,062 basic char- 
acters. (Those basic characters are about enough to 
let you clear your throat in Chinese). 

Morse Code has about 50 characters total, if you 
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include all the punctuation and a few other doodads 
such as prosigns. How hard can it be? 

It’s interesting and encouraging to see that now 
that Morse Code is no longer required, we hear more 
high-quality “fists” on the air than ever. Hams are 
doing it because they want to, not because they have 
to...and this is always the recipe for excellence. 


Learning the Dad-burned Thing 

Now that we are free to learn Morse Code because we 
want to, we can go about doing it a bit differently than 
has been done in the past. I'll present some controver- 
sial issues here, for which I claim no expertise. I'm not 
a psychologist by any means, but I'm pretty observant. 

Morse Code, like many other similar skills, is best 
learned by bypassing the brain, entirely. (For those of 
you who believe that most things Radio Amateurs do 
bypass the brain entirely, I can offer no rebuttal.). 
When I was in grade school, they taught this thing 
called “penmanship.” They stopped teaching that here, 
I understand, but they probably continue the torture 
in England. (G’s and M's, correct me if I’m wrong on 
this.) I was roundly rebuked by third-grade teacher, 
Miss Fiddaman, for “drawing” my letters. She told me 
I was thinking too much. (This was probably the last 
time I was ever accused of that.) She said the letters 
should go right in my eye and out my hand. Actually, 
my handwriting improved considerably after this, 
although any ground I gained over the years has been 
lost by my nearly exclusive use of the keyboard. 

However, Miss Fiddaman was right. Highly repeti- 
tive tasks such as writing, or playing scales on a 
musical instrument, or learning Morse Code are best 
done without a brain in the way. 
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One problem with traditional ways of teaching Morse 
Code is that it almost always guarantees hitting 
plateaus in speed. (The graduated licensing structure 
didn't help with this much, either.) When people ask 
me at what speed they should learn Morse Code, I tell 
them “30 words a minute.” Then they clarify their 
question for me: “No, I mean what speed should I start 
at?” | repeat my answer: “30 words a minute.” 

“But the Extra Class license even in the bad old 
days didn't even require that!” they protest vehe- 
mently. “They only required 20!” 

“That's precisely the problem,” I respond. “You set 
your goals too low because you've been taught how 
hard it is. Actually, I'm being way too conservative by 
saying 30 words a minute.” 

The reason you reach plateaus in Morse Code is 
because you're listening for dots and dashes, much 
like the “drawing” of cursive letters of which Miss 
Fiddaman accused me. You want to start your Morse 
Code training by listening to characters that are too 
fast to count individual dots and dashes. You learn to 
hear each letter as a sound in itself. 

The good news is this: You don’t have to copy 40- 
wpm text to copy 40-wpm letters. You can space 
these out as much as you want. Your average code 
speed can be down at 5 words a minute or 1 word a 
minute. It doesn't matter. You will be hearing letters 
comfortably the very first day at 40 words a minute. 
] tried this out on my 6-year-old grandson. After just 
a half hour of hearing the code for the first time, he 
could tell me if I was sending an A or an N at 50 
wpm—perfectly. (And although grandparental pride 
would like to think Jeremiah’s a genius, I know that’s 
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not the case; he’s much more of a jock than a brain. 
Now I just have 24 more letters on which to work with 
him.) You will find that your speed automatically 
increases, without even thinking about it. My elec- 
tronic keyer tops out at 50 wpm. Otherwise, I'd like to 
see if Jeremiah could do 55... or even 60! 

I never told Jeremiah that 50 words a minute was 
positively screaming. It never even occurred to him. 
I'll never tell him. I'll let him figure it out for himself 
someday. When he got his A’s and N's right, I just 
told him, “that’s good,” and sent him off to play with 
his rubber dinosaurs. 

Of course, kids really do have the advantage in 
learning Morse Code; there are a lot more cranial ruts 
formed in adults, all of which reinforce the “drawing” 
mode of learning, for most of us. I say most of us, 
because musicians seem to have an easier time learn- 
ing code than the average person. Most musicians 
learned how to play scales without the brain. Music 
instructors have known how to teach this for ages. 
Oddly, this same technique seems to have bypassed 
the Morse Code teachers. I've never heard any music 
student complain about having to play a piece at 40 
notes per minute; they just assume it’s something that 
will eventually have to be done, and they just do it. 

Expectations are everything. 

The wonderful news in all this is that Morse Code 


really, really, really becomes fun at high speed. It 
really does. Really! 


Weird Hardware with a Wonderful Purpose 
It is amazing. There is no function in all of “elec- 
tricdom” that is simpler than opening and closing a 
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switch. A switch has two states: on and off. Yet noth- 
ing has elicited more creativity, more artistry, and 
more poetry in all of Amateur Radio than the hard- 
ware used to perform this aboriginal function. The 
telegraph key has been with us in one form or anoth- 
er for about 150 years. Some telegraph keys are mar- 
vels of human craftsmanship, imagination, and 
beauty. Every ham—no, every human being—should 
own a telegraph key whether they have any intention 
of using Morse Code or not. 

Allow me to wax poetic for a moment. (I have an 
ample supply of poetry wax, so don’t worry, I won't 
run out). 

The telegraph key is the ultimate interface between 
human being and machine. It is the “Excalibur of the 
Electrical Age.” (I invented that phrase my very own 
self, but you are free to use it at any social gathering 
... with attribution, of course). 

Like the renowned sword, not only is a telegraph 
key a thing of beauty in its resting state, but wielded 
in capable hands it is poetry in motion. A good tele- 
graph key has a personality of its own, a worthy one, 
as Excalibur seemingly anticipates its master's inten- 
tions, and yea, his very thoughts. 

A telegraph key is a grand piano with but one key; oh, 
but what a key that is! Nay, it is far greater than that; 
it is a magnificent cathedral organ with the majesty of 
every console, register, and pedal concentrated into 
one point of contact! Dare I continue? No, I dare not. 
The risk of igniting these very pages into flames of glory 

is too great. You must find out for yourself. 

Behold the wonderful telegraph keys displayed on 
these pages. 
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CHAPTER 5 


Electrons: Tools of 
the Trade 


Radio Amateurs are in an exclusive club. We fear- 
lessly manhandle this mysterious substance called 
“electricity” with joyful abandon, while lesser mortals 
are confined to the realms of things they can see, 
taste, and touch. 

Our prehistoric ancestors were not clueless. They 
used bronze, iron, and gold to build wheels, decorate 
their cribs, and to slice and bonk their enemies. They 
flung heavy objects long distances. They created vile 
potions. They sailed north, south, east, and west. 
They pronounced incantations of varying levels of 
effectiveness. However, generally they cowered in fear 
when electricity appeared in its natural state, which 


68 The Opus of Amateur Radio Knowledge and Lore 


almost always was in the form of lightning. It showed 
up when and where it felt like it. 

Until around two centuries ago, man’s experience 
with electricity was more akin to the aforementioned 
incantations than it was to the more physical tech- 
nologies of the age. A man with a bar of iron had a 
pretty good idea what to do with it: He could bonk his 
neighbor with it, or he could beat it into a sword and 
slice his neighbor with it. It didn't really occur to him 
that he could electrocute his neighbor with it. 

Fundamentally there is something different about 
electricity as opposed to most mechanical technolo- 
gies. (Actually, the ancient alchemists probably were 
a little closer to getting a grasp of electricity than 
their contemporary mechanics and mathematicians, 
as we shall discover.) 

When we think of matter, we generally think of 
things that have mass, or the more tangible equiva- 
lent, weight. Early man recognized that the more 
massive an object, the more effective it was at bonk- 
ing his neighbor. Now perhaps some of you are ask- 
ing why we make so little mention of peaceable uses 
of mass and matter. Well, the fact of the matter (pun 
intended) is that when it comes to neighbor bonking 
and slicing, as opposed to sheer curiosity, necessity 
is indeed the mother of invention. The first recorded 
use of technology was in the back alley of the Garden 
of Eden when Cain used a bonker of some sort to 
“dis-Abel” his brother. Of course, we enlightened 
Radio Amateurs, being totally noble and altruistic, 
would never, ever consider using any technology to 
the detriment of our neighbor. 

Anyway, back to mass and matter. As we know, 
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matter is composed of atoms—little “solar systems” of 
protons, electrons, and occasionally neutrons—which 
completely define the nature of any substance. 
However, while the total number of electrons and pro- 
tons in the universe is roughly equal, the mass of pro- 
tons is vastly greater. A single proton has about 2,000 
times the mass of an electron. Is it any wonder that for 
most of man’s existence the electron was pretty much 
ignored? As far a physical tangibility is concerned, the 
electron is insignificant. In addition, electrons are 
pretty much interchangeable parts, whereas each dif- 
ferent element is comprised of a unique nucleus, or 
combination of protons and neutrons. It is the nucle- 
us that makes elements different and unique; the elec- 
trons are pretty much along for the ride. 

As with any physical description, we are confined to 
“models” to describe the structure of an atom. The 
classical “solar system” perception of an atom that 
we've had for nearly a hundred years is probably a bit 
misleading for some higher level physics, but it’s cer- 
tainly useful for explaining most of what we know 
about electricity. This is true throughout all of 
physics. We use models to describe the behavior that 
we observe. Some models are very good, and some 
rather incomplete. However, we don’t really need per- 
fect models to explain everything. The traditional 
atomic model is probably obsolete, but it’s more than 
adequate for most of what we do. Part of the job of a 
scientist is to keep building better models. 

For this introduction to electricity, however, I would 
like to replace the word model with a better word— 
parable. Here’s why. 

A model generally is a means of describing one 
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physical structure in terms of another physical struc- 
ture. Whether we're building a model railroad or 
building stick models of molecules, the process is the 
same. We want to have something either much small- 
er or much larger than the thing we're trying to 
understand so that we can manipulate it in our grimy 
little hands. 

On the other hand, a parable uses a familiar “story” 
or tangible concept to describe something else on per- 
haps many different levels or realms. The nice thing 
about a parable is that what it describes may or may 
not be physical. Whereas a model generally deals 
with matters of scale, a parable deals with matters of 
nature. For example, a model does very little to 
answer the eternal question about an electron, or any 
other subatomic particle, for that matter. Is it a par- 
ticle or is it a wave? 

A model has to deal with such issues on an 
either/or basis. On the other hand, if we look at the 
parable of the electron, we see that we just have two 
different levels of understanding of the electron, one 
being a particle, one being a wave. Neither one is 
“better” than the other. We can gain a useful under- 
standing at either level. 

Perhaps put more tersely, a model shows what 
something is, while a parable shows what something 
does. As we will see, an electron does different things: 
its nature is determined by its role. The parable is the 
ideal tool for dealing with this. Follow along and you'll 


see! 


Free vs. Cheap Electrons 
Let’s set up our first parable. This is one case in 
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which the parable and the model are quite compati- 
ble. This experiment can be done in your head, or 
with real physical objects. 

Take two lengths of 1/2-inch PCB pipe, each exact- 
ly 3 feet long. Place the two pipes next to one anoth- 
er on a table. Fill one of the pipes end to end with 
marbles so that they're all touching. The first marble 
in line should protrude slightly from the pipe. In the 
second pipe, place just one marble right at the front 
end so it partly protrudes from the pipe. 

Now take a small hammer. Tap the “lead” marble in 
each pipe with the hammer and observe how long it 
takes for a marble to emerge from the far end of the 
pipe. 

The pipe full of marbles will eject the last marble at 
the far end of the pipe nearly instantaneously. The 
single marble in the second pipe takes a second or 
two to travel the length of the pipe and shoot out the 
far end, doesn't it? 

What have we shown? We have shown the vast dif- 
ference between the speed of energy flow and the 
speed of electron drift. 

If you were to ask the average semi-technical per- 
son how fast electricity goes, he probably would say, 
“at the speed of light.” A more astute student might 
say, “slightly less than the speed of light.” Both of 
these answers are right .. . and wrong. 

If we could isolate a single electron (we'll call it 
“Ernie Electron”) in a piece of wire and put a little 
GPS receiver on him so we can track him, how fast 
does he travel through the wire? 

As it turns out, Ernie Electron travels about a cen- 
timeter per hour at one ampere of current (through 


72 The Opus of Amateur Radio Knowledge and Lore 


16-gauge copper wire), a pretty glacial crawl! 
Therefore, does electricity flow at a mere centimeter an 
hour? It depends on what we define as “electricity.” 

Going back to our marbles pipes, the better analogy 
of electrons through a wire is the pipe full of marbles. 
The “electrons” represented by the marbles hardly 
move at all, but the energy transferred by sequentially 
bumping into each other is incredibly fast—actually 
about ten times the speed of sound, assuming they're 
actually touching one another to begin with! (The rea- 
son the last marble doesn’t pop out of the pipe at mach 

10 is because all that kinetic energy “speed” is actual- 
ly absorbed in the distortion of the marble itself... 
very minuscule, but real, nonetheless.) 

The single marble, on the other hand, represents 
our glacial electron drift, the drugged slug’s pace of an 
electron as it tries to wander through the crowd of 
atoms making up the wire. 

For the vast majority of what we do with electricity 
confined to wires, the former case is the only mean- 
ingful one. The “speed of electricity” is the lightning- 
fast speed of energy transfer in a conductor—again, 
just below the speed of light. 

Electron drift speed only becomes close to the ener- 
gy transfer speed when we deal with /ree electrons 
such as encountered in vacuum tubes, plasmas, and 
exotic items such as free electron lasers. Free elec- 
trons are electrons that are not individually associat- 
ed (bound) with atoms. Free electrons may, however, 
be collectively associated with groups of atoms (or 
more commonly, ions). 

As we explore the mysteries of radio, we will find that 
the main role of the electron is as a charge carrier. 
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Even though the mass of an electron relative to the 
atoms in a copper wire, say, are insignificant, we will 
find that the charge that an electron carries is of great 
use and importance. In fact, the charge of an electron 
is the same (in magnitude) as that of a proton, which 
is 2,000 times as heavy. The copper atoms in a piece 
of wire actually serve two purposes: First, they are a 
source of cheap electrons, meaning abundant elec- 
trons. Second, the existence of the copper atoms keeps 
the electrons in line, as we demonstrated with our pipe 
full of marbles. The confinement of the “conductor” is 
not confinement at all. The “business end” (charge) of 
a free-ranging electron travels much more slowly than 
its organized and “confined” fellow electrons. 

When all is said and done, we will find that the elec- 
trons do the overwhelming bulk of the useful work in 
an electrical or electronic device. There are a few 
exceptions, of course, one interesting application 
being electroplating. In an electroplating process we 
find that the transfer of ions (charged atoms) is the 
main point of the process. We want to transfer silver 
ions, for instance, through a solution to the base 
metal we desire to plate. The complementary “back- 
wards” electron flow through the solution is just a 
necessary by-product of the process. Evidence seems 
to indicate that Roman-era alchemists knew a little 
about electroplating, while knowing nothing about 
electrons. Electrons leave no visible trace in an elec- 
trolytic process, while the transfer of ions is obvious. 

In the following chapters we will explore more of the 
fascinating properties of electrons and how they 
interact with the wonderful world of radio. Often we 
will refer to the parable described in this chapter. 


WHY ARP DOESN'T WoRK 


CHAPTER 6 
How Radio Works 


The very title of this chapter is rather presumptu- 
ous, because nobody really knows how radio works. 
If anyone really knew how radio worked, there would 
be no point in being a Radio Amateur, because one of 
the points of being a Radio Amateur, if not the point, 
is to explore how radio works. 

In light of this, instead we will present the things we 
do know about radio, and leave you with a lot of 
questions pertaining to things we don’t know about 
radio so you can explore them yourself. 
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At one point in tyme... I mean time .. . radio and 
electronics were synonymous, Electronics actually is 
a rather recent word, and it originally referred to elec- 
tricity not confined to normal physical conductors, 
This generally meant the branch of electricity dealing 
with “free electrons” such as encountered in devices 
such as vacuum tubes (see Chapter 5, “Electrons: 
Tools of the Trade”). In fact, radio is a relatively recent 
word, preceded by the more poetic term wireless. To 
be honest, clueless would have been a more apt term 
at the time rather than wireless. About all anyone 
knew about wireless was that it didn’t require wires. 
(‘Honey, will you warm up the clueless set? Rudy 
Vallee is on soon!”) 

The term radio, on the other hand, presupposed at 
least a faint clue as to what was going on. It indicat- 
ed that something was being radiated from one loca- 
tion and intercepted at another. Since the use of 
wires is required for both the radiation and intercep- 
tion of radio signals, it’s ironic indeed that it was ever 
called wireless. In reality, the evolution from wired to 
wireless telegraphy (or telephony) only involved the 
reorganization of said wires. To be fair, there is a lit- 
tle more to it. Wireless implied that there was a gap 
between the talker’s wires and the listener's wires. As 
with most things, hindsight is 20/20. If we were to 
rename wireless using what we know now, we proba- 
bly would have named it “wire gap” or “wire chasm” 
telegraphy, or even “broken wire” telegraphy. 

Actually, the term broken wire is quite useful, so 
why don't we use that term for the remainder of this 
discussion? Who knows? We possibly could start a 


new catch phrase! 
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Just to keep things straight, we need a few simple 
definitions. “Wire A” is that wire or wires associated 
with a radio transmitter, while “Wire B” is that wire or 
wires associated with a radio receiver, This should be 
simple enough to get us started for now... but the 
night is still young. 

The discussion of broken wire telegraphy is a bit of 
a problem for two reasons. Not only do we really not 
know how stuff gets from Wire A to Wire B, but we 
can’t even agree on what it is that actually goes from 
Wire A to Wire B. 

Don't despair. It doesn’t matter how whatever it is 
that we generate at Wire A gets to Wire B. Okay, let's 
be a little more specific. We are interested in the 
behavior of the stuff that goes from Wire A to Wire B, 
but we don't really have to know the nature of the 
stuff that goes from Wire A to Wire B. Remember our 
parable tool in Chapter 5? Broken-wire telegraphy is 
where parables are really important and useful. You 
can do an awful lot with broken-wire telegraphy with 
only a face-value understanding of the thing. We are 
much more interested in what it does than what it is! 
Well, most of us, anyway. Physicists have been work- 
ing for decades trying to figure out what it is, as well, 
and this certainly is a noble pursuit. 


It’s Ether This or That 

No discussion of broken-wire telegraphy is complete 
without at least a blushing acknowledgement of 
ether, although most modern radio literature tries to 
avoid it like the Ebola virus. To get a correct perspec- 
tive of this attitude, do the following: Put on a set of 
surgical scrubs, walk into the doctor's lounge at your 
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local teaching hospital with a Makita cordless drill 
dangling from your hip, and mention that you're 
there to study trepanning. The warm reception you'll 
receive is about like what you get when you mention 
ether in the presence of electrical engineers. 

Despite the antiquated, unfairly maligned, and 
nearly non-existent use of the term ether these days, 
it is the most elegant, useful, and positively beautiful 
parable of what's going on in broken-wire telegraphy. 
I will use the term unabashedly in describing how 
“stuff” gets from Wire A to Wire B. Notice, I carefully 
use the term describing rather than explaining. These 
are two very different things indeed. To use an over- 
wrought and cheesy physical analogy, we can’t see 
wind, but we can tell you exactly how it behaves by 
looking at what it does to things. This describes wind 
without explaining it. 

As cheesy as that is, we can transfer its simplicity 
to the discussion of ether. Ether does not explain 
radio waves, but it describes them in an extremely 
useful fashion. 

Before barreling down this track, let's talk a bit 
about what doesn’t happen in broken-wire telegra- 
phy. One thing we do know is that in a broken-wire 
telegraphy system we do not have individual] electrons 
leaping across the void between Wire A and Wire B. 
Remember our marbles and pipes experiment? The 
single marble-in-a-pipe is definitely the wrong para- 
ble in this case. The pipe full of marbles is a better 
parable, though still lacking a bit. What is correct 
about the pipe-full-of-marbles parable, though, is 
that in a broken-wire system we are transferring 
energy, not moving mass around. Wire A does not 
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gradually evaporate because we're flinging electrons 
off it toward Wire B. Likewise, Wire B accumulates 
absolutely no electrons no matter how long it’s been 
“listening” to the “stuff coming from Wire A. 

Now here's the rub. In our pipe-full-of-marbles 
parable, we demonstrated that the marbles hardly 
have to move at all in order to transfer energy at very 
high speeds. But the marbles, nevertheless, are 
there. They serve the function of relaying little jolts of 
energy to the next marble in line, and so on. Each 
marble serves as a medium, an instrument through 
which energy can be transferred to the next guy. The 
problem with the pipe-full-of-marbles parable is there 
are no marbles between Wire A and Wire B in a bro- 
ken-wire system! There is nothing to transfer the lit- 
tle nudges of energy to the next guy, because there is 
no next guy. (In fact, there’s no previous guy, either. 
It’s full of empty space . . . nothing. In other words, 
there is no medium. 

However, as with other parables, there's nothing to 
forbid “Great Explainers” from creating their very 
own medium right out of thin. . . nothingness. And 
that’s exactly what the “Great Explainers” of times 
past did. And they called this parable ether, because 
nobody had a better word for it. It is a sort of goo that 
permeates all of space, has no mass of its own, and 
yet willingly, obediently, and (almost) immediately 
transfers “stuff’ from Wire A to Wire B. Nobody can 
see, feel, or taste ether, but it is, by far, the most pre- 
dictable substance in the entire universe. It does 
exactly what you tell it to each and every time. It is 
what engineers and scientists call linear What you 
get out of ether is precisely proportional to what you 
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put into ether. Button A produces Function B. Each 
time. Every time, Without fail. Always has. Always 
will. Ether is the antithesis of a Microsoft product. 

It really is a marvelous substance. It is probably the 
only truly linear thing most human beings will ever 
encounter. Why would anyone want to give ether a 
bad name? 

It should be mentioned here that debates over the 
existence of the ether have raged incessantly for ages, 
just as medieval theologians debated over how many 
angels could dance on the head of a pin. Interestingly 
enough, James Clerk Maxwell, whose famous equa- 
tions described electromagnetic (radio) waves perfect- 
ly using strictly mathematical terms, never denied 
the existence of ether. You'll sometimes hear that 
Maxwell's equations proved once and for all that 
there is no such thing as ether. This is not true. 
Maxwell's equations only showed that ether wasn't 
really necessary. In fact they really showed that it 
didn't really matter. This is the point I really want to 
get at. We can avoid the debate entirely, because 
using the parable of the ether we can describe very 
usefully and meaningfully how it behaves, The 
physics works with or without ether. 

In order to sign a workable truce between the 
“etherites” and the “non- 


of describe the ether in 
Coffee, coffee in physical terms friendly to 

my veins... both camps. Actually, the 
aforementioned “goo” anal- 
ogy isn't too good, because 
“goo” generally is sort of 
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sticky, gummy, and sluggish. Ether “goo,” on the 
other hand, is very well lubricated; energy passes 
through it like greased lightning. (Nobody has ever 
seen greased lightning, either, but most of us suspect 
it exists!) 

Perhaps it’s more useful to think of ether as an infi- 
nite number of infinitely small, infinitely light mar- 
bles. Now when | say infinitely small marbles, I real- 
ly mean that. These marbles have to be much, much, 
much smaller than any electron or other subatomic 
particle. Once they're “allowed” to have any size at all, 
we're now into the particle realm, and even the most 
adamant anti-etherite has real problems with empty 
space being full of particles. They really have a prob- 
lem if any of these particles are allowed to have any 
mass! Therefore, these marbles are really nothing. 
Nothing at all. 

Since these marbles are really, really, really small, 
Wwe can cram a lot of them into a little bit of space. In 
fact, there doesn’t have to be any “empty” space 
between them at all. So what we now have is empty 
space being positively jam-packed with...uh... 
nothing at all. 

You see, then, we really haven't gotten anywhere, 
have we? Well, maybe. 

We see all kinds of exam- 
ples in nature where collec- 
tions of particles exhibit 
behaviors that resemble 
waves—for example, the 
surface of the ocean. We 
know that water is made 
up Of trillions of little water 


Stimulate 
this writer's 


brains.... 
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molecules. We don’t think about molecules, though, 
when we see waves rippling across the ocean, or a 
pond, or our bathtub... or the coffee in our 
Squidward Tentacles mug. 

The study of broken-wire telegraphy is really the 
study of waves. We really don’t need to know what the 
waves are waving in. The wave behavior in my 
Squidward Tentacles coffee mug is pretty much like 
the behavior of the saltwater in the ocean (at least 
until the coffee has been reheated about nine times, 
and then it’s more like our original “ether goo’). 

Another example is a bunch of spectators doing 
“The Wave” in a football stadium (yet another reason 
for our Brit readers to hate American football). Here 
you have a bunch of “people particles” acting in a col- 
lective manner to present the appearance of a con- 
tinuous wave. 

Fortunately for us, the behavior of waves on the sur- 
face of water is mathematically identical (nearly) to our 
mysterious, invisible ether waves in almost any meas- 
ure we can care about. Probably the greatest differ- 
ence is that water has a specific viscosity, or “gooi- 
ness,” which is actually totally lacking in our “ether 
goo.” Think of viscosity of “liquid friction,” something 
that is totally missing in free space. In reality, the liq- 
uid friction of water is very, 
very low. The analogy falls 
, apart rapidly if we're using 

Course right Jell-O®, however. 

tiraugh any Let’s now make some 
ev'ry artery... waves. Fill up your bathtub 
to the brim with water... 
well, almost to the brim, as 
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we will be splashing around a bit. Now get a small 
rubber ball (we want one that floats) such as a tennis 
ball or such. Float it on top of the water and let any 
ripples you've created die out completely. Now care- 
fully press the ball down an inch and then release it. 
You will observe the familiar concentric rings radiat- 
ing out from the ball, across the surface of the water, 
and the ball will continue to bob up and down. The 
bathtub isn’t infinitely large, or the rings would 
extend out for a long, long way. But even if we had a 
whole lake to work with, the waves would eventually 
die out. The reason they don't extend out forever is 
because of the aforementioned viscosity of the water. 
Some of the energy in the ripples is converted into 
heat. On the other hand, ether waves do indeed con- 
tinue radiating out forever, although with eternally 
decreasing intensity—or at least ether waves generat- 
ed from a point source do. More on this later. 

You don’t have to be particularly observant to notice 
that each concentric water wave ring is slightly lower 
in height than the previous one. This is much easier 
to see if your bathtub is made of glass, which isn’t too 
likely, so you can look at the waves from the sides. 
Let's ignore the viscosity of the water for the moment. 
Even if water had no frictional loss whatsoever, your 
radiating waves would have 
decreasing heights, or 
amplitudes, as they radiat- 
ed from the antenna (the Make my verse 
tennis ball). Why is this? It more terse and 
is known as_ free-space smartery. . . 
attenuation, sometimes also 
called geometrical attenua- 
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tion. It is because you only have a certain amount of 
energy to start with, but as it moves away [rom the 
source, you have to spread that energy over more 
surface area. Not too hard to visualize at all. If you 
have a gallon of paint, the area you can cover is 
inversely proportional to the thickness (amplitude) of 
the coat. 

Now there's a small twist here when it comes to 
ether waves. Surface waves, such as ripples on top of 
your bath water, are two-dimensional waves. They 
move out in a disk, which is a two-dimensional 
shape. Ether waves in space, on the other hand, are 
three-dimensional waves; not only do they radiate 
north, south, east, and west, but they radiate up and 
down as well. This means you have to stretch that 
original energy paint can even further. Instead of 
painting a growing disk, you are now painting the 
outside of an ever-inflating balloon. 

The result is that the intensity of any ether wave 
always decreases with distance from the source. (The 
mathematicians in the crowd should easily be able to 
predict in which precise manner the intensity atten- 
uates with distance. That's right, for 2D waves, it 
goes down as the square of the distance and for 3D 
waves it goes down as the cube of the distance). 
Actually, I partially lied, 
because I haven't distin- 
guished between voltage 
By the teacup, and power intensity. In 
by the mug... reality, the attenuation sit- 
uation isn't quite as grim as 
the inverse-cube formula 
might lead us to believe. 
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More on this aspect later. It gets a bit trickier when 
you consider things such as polarization and such, 
but the basic geometric-attenuation concept should 
be pretty easy to grasp. 

Now I hear screams of protest from our more astute 
readers. “Hey! How about a magnifying glass?! I can 
fry ants on my sidewalk on a sunny day (not that any 
self-respecting ham would ever think of doing such a 
thing, mind you) and they're six inches away from the 
lens, but if | put my finger right in front of the lens it 
isn’t even warm!” 

Good observation! Remember my glancing comment 
about “point sources?” Let’s talk about this a bit. 

Our bobbing tennis ball is a point source of energy. 
It starts at a single location and spreads out in all 
directions from there. Do you have a second tennis 
ball handy? Great! Float that on the water a couple of 
feet from your first ball. Now press them both down 
and release them at exactly the same time. You now 
will have two sets of expanding concentric rings. 
Eventually they'll. Interesting things happen at this 
point. At some places, the amplitudes of the overlap- 
ping waves will add, or reinforce, each other. At other 
locations, they will subtract, or cancel, each other. At 
some distant location the amplitude will be greater 
than it is at either of the 
point sources! This would 
seem to violate the free- 
space attenuation princi- Inspiration by 
ple. Well, as with everything the jug.... 
else in this life, there’s no 
such thing as a free lunch. 
Remember those places 
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where we've cancelled energy? This is where we bor- 
rowed the energy from in order to add it in at anoth- 
er place. This whole “robbing Peter to pay Paul” busi- 
ness is called interference and is the main process, 
and ultimately the only means by which ether waves 
can be steered, or “focused.” Interference comes in 
two flavors, constructive and destructive, and they 
always have to come out even! Don’t you ever forget 
it. Remember, there is no free lunch! 

Therefore, despite the seemingly god-like powers 
bestowed upon you by your magnifying glass, you 
have no more power at your disposal than you did 
before. Although it’s hard to demonstrate with 
kitchen-counter instrumentation, it can be shown 
that away from the focal point there are regions on 
the same side of the lens as your frying ants that are 
actually less intense, or “colder,” than the _ back- 
ground sunlight. Sad but true. Remember, no free 
lunch! 

Now let’s say that instead of just two bobbing ten- 
nis balls, we have millions of them, all lined up ina 
row, all bobbing up and down at the same time. We 
would still have our interference patterns (although a 
lot more complicated, of course), but the net result 
would be that our radiation source would no longer 
mw seem to be a single point 


from a line. This is called 
planar radiation and is sim- 
ilar to what you get froma 
laser. Such ether waves 
don't attenuate at the nor- 
mal 2D or 3D rate as those 


Is it madness; 


dolsorta... 
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from a point source. Well, actually they do, but the 
net result does not attenuate with the normal free- 
space attenuation. 

To generate a planar wave at “normal” radio fre- 
quencies is unheard of. For all practical purposes, all 
radio antennas are considered “point sources” no 
matter how high the gain (another concept we'll dis- 
cuss). Visible light is just a minuscule fraction of the 
wavelength of AM broadcasting, say, or even UHF tel- 
evision. To build an antenna at AM broadcast fre- 
quencies with the same focusing characteristics as a 
visible laser would require an antenna array stretch- 
ing here to the Moon—at least—which is not a very 
practical ambition. 

I should mention here that there are ways of “cheat- 
ing” to make relatively low-frequency antennas “look” 
like they are thousands of miles across. This is called 
synthetic aperture technology, and it is used quite a 
bit in astrophysics. The principle is to put one bob- 
bing tennis ball in a bathtub in July, and put the 
same bobbing tennis ball in the same bathtub in 
December when the Earth (and its affixed bathtub) is 
a few million miles away in its orbit around the Sun. 
Then you add together the wave patterns with a lot of 
number crunching, and voila—a millions-of-miles- 
across antenna. Well, it’s BA 
not quite that simple, but ¢— 
you get the point. No, actu- 
ally, you get the plane. 

Hopefully this ether-wave 
parable business has been 
fairly easy to decipher. We'll 
look at this whole wave Le 


BA 


Feel a throb in 
my aorta?... 
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thing from a few different angles, so if it hasn't 
caught on yet, it will. 

All that's really left now is to make the leap from 
bobbing tennis balls to broken-wire telegraphy, and it 
really isn’t that big a leap after all. We already have 
our two tennis balls handy, so this will go really 
quickly! 

Once more, place your two tennis balls in the tub, 
and let any ripples die out. All righty, then. The left 
tennis ball is Wire A. The right tennis ball is Wire B. 

Press down on Wire A and release. Lo and behold, 
Wire B will start bobbing up and down! We have 
bridged the chasm across the vast ether. 

One of the beauties of the bathtub experiment is 
that it also demonstrates the concept of polarization, 
which will become ever more important. Surface 
waves on top of water can only be vertically polarized. 
In other words, our tennis balls can only bob up and 
down. This is not the case in ether, where we must 
use other means of discriminating between vertical 
wobbles and horizontal wobbles. 

You can wiggle your Wire A tennis ball to your 
heart's content, but the Wire B tennis ball will never 
wobble sideways in response. In the bathtub exam- 
ple, the medium itself is polarized, which is not what 
a) We have in an all-pervasive 
~ If medium such as the ether, 
In reality, the ether will 
No, ‘tis nothing, propagate waves’ with 
just atwinge... whatever polarization you 
launch them. As we men- 
tioned earlier, the ether is 
=u) perfectly linear. 
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It should be fairly obvious that if you don't have a 
surface, you can’t have a surface wave. In space every- 
thing's the same in all directions; you don't have a line 
of demarcation like the top of a body of water to dis- 
turb! Therefore, a lot of people like to compare ether 
waves to compression waves, such as sound waves. In 
many ways this is a much better parable, but not 
without its own set of problems. Mathematically and 
geometrically, compression waves are a lot closer to 
ether waves than are water waves. However, we are 
still left with the old “one hand clapping” syndrome. 
Sound waves propagate through the compression and 
decompression of air molecules, which we don't have 
in space. A compression wave needs something to 
compress, and since we've suggested that space has 
nothing, there really isn’t much to work with, Exactly 
what is being compressed and decompressed when it 
comes to ether waves? 

This is where the concept of fields comes in. Like 
ether itself, nobody knows what a field is. 

The best we can come up with is some kind of lame, 
semi-circular definition, but it’s better than nothing. 
A field is a location in space where an effect occurs 
because of the existence or action of something else. 
The more powerful that effect is in a given region of 
Space, the stronger the 
field. A compressed field is 
where more of that effect is : 
“felt” per unit of volume, Time to 
while a decompressed field start another 
is a unit of volume where binge. ... 
less of that effect is “felt.” 

Isn't that a great help? 
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About the only thing we can say for certain about a 
field is that it can be either a “doer” or a “doee.” 
Fortunately, when it comes to broken-wire telegra- 
phy, that is extremely useful information—in fact it's 
sometimes all we need to know! Returning to our 
bobbing tennis balls, we know that either one of them 
can generate waves or respond to waves. This is true 
of antennas as well. This is called the reciprocity the- 
orem, and it is a crucial thing to know when working 
with antennas and their related hardware. 

As we mentioned at the beginning of this chapter, 
there’s a lot that we don’t know about radio. In this 
book it is not our intention to be the final word on the 
subject, but rather to introduce you to some of the 
questions. And even if you do understand the ether 
perfectly, there isn't much you can do about it; its 
behavior is built into the universe. Fortunately, there 
isn't a whole lot about the ether that I'd want to 
improve. 

This brings us to the real reason for this chapter in 
the first place, which is to give us a foundation for 
exploring something we can do something about— 
antennas. And that is the subject of our next chapter. 


Bo Tanker 


CHAPTER 7 


Antennas: 
Gateways to the Ether 


It really is astonishing how complicated a piece of 
wire can be. When you get right down to brass 
tacks, a piece of wire is all that any antenna is, no 
matter how seemingly elaborate its final manifesta- 
tion might be. 

An antenna has no moving parts. It has no active 
devices, no transistors, no amplifiers, no micro- 
processors, no software, no firmware, and no memo- 
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ry. Indeed, all of the above may be associated with an 
antenna, but they are not an antenna. 

An antenna is a piece of wire, and yet that piece of 
wire is the most misunderstood, controversial, and 
mathematically complex component you'll find in any 
amateur radio station, or perhaps in your entire life. 
An antenna is almost like a cosmic pun—so subtle 
nobody gets it. 

It's like the number Pi. Pi is such a simple identity; 
you find it everywhere where you might find a round 
object, and yet its value is so complex we resort to 
calling it an “irrational” number. No, Pi is not irra- 
tional at all! It's one of the most rational things in the 
universe; it’s the simple ratio of the circumference to 
the diameter of a circle. It only seems irrational when 
we try to reconcile it with an irrational number sys- 
tem—a system that insists on counting things. A 
number system that is based on counting things is 
next to useless when talking about the physical uni- 
verse, which is why most people have problems with 
the ether—because you can't count it. 

In working with antennas, not too surprisingly, we 
will be referring to the number Pi a whole lot. 

I've been teaching about antennas for a long, long 
time. I've found that the people who have the hardest 
time grasping antennas are digital electronics guys 
computer geeks. Their world relies entirely on count- 
ing things. Digital electronics does nothing but that. 
The problem the digital guy has is that he totally 
lacks any working parable for antennas! Antennas 
rely on a continuum, which most digital people 
despise. After all, digital technology was invented 
specifically to eliminate the ambiguity associated 
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with continuous values. Good luck, fellas. The uni- 
verse is a continuum. 

Want to know what sorts of people have the easiest 
time grasping antennas? Musicians. Hands down. 
Hands way down. Especially musicians who play 
stringed instruments (but not exclusively them). If I 
wanted to create an army of competent antenna engi- 
neers, I wouldn't look in the computer schools at all. 
I'd scout the conservatories. 

Musicians get antennas. Musicians have a parable 
for antennas. In fact, this chapter is probably unnec- 
essary for most musicians, but I'll proceed anyway. 

Presumably, most of you have read the previous 
chapter before arriving here. We have tried to make 
Opus a fairly logical progression of knowledge, but 
We're aware that not everybody absorbs knowledge in 
the same order. If you're brand new copy of the Opus 
just happened to fall open right here, that's perfectly 
okay, too. Antennas are arguably the fulerum upon 
which amateur radio teeters, so it’s not a bad place to 
dive in. We can work this either way. 

Now for those of you who did arrive here the “nor- 
mal” way, we hope you still have your tennis balls 
handy. (They're probably pretty soggy by now, but 
that’s okay.) If you were really observant during our 
bobbing-ball experiment, you might have noticed that 
our water waves had a very specific shape. If you 
looked through the sides of your glass bathtub at the 
edge of the passing waves, you would have seen a 
perfect sine wave. Well, not quite perfect, but really, 
really close. Because of the attenuation, what we 
actually have is damped sine waves, but for all prac- 
tical purposes, they're sine waves. 
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If you're like the typical Opus reader, there's a fair 
chance you hated high school trigonometry, or you 
may very well be in the process of hating high school 
trigonometry right now. I was always a mediocre 
math student, but I really liked trigonometry for some 
reason. I'm sure part of that was I was learning about 
antennas at about the same time, and antennas real- 
ly helped make some sense out of trig. It was the first 
time I saw any point to math. I saw it as a really cool 
tool. There are some people, I understand, who like 
math for the sake of math. These people are, for the 
most part, really sick puppies. But there’s even a 
place for sick puppies, I suppose. 

Well, it's really hard to avoid trig when you're talking 
about sine waves, and it’s really hard to avoid sine 
waves when you're talking about antennas (or any 
other physical science, for that matter). Therefore, we 
might as well bite the bullet and do some of this trig 
stuff. This antenna business might even help you with 
your trig class, as it did with mine! 

Back in the dark ages, our teachers made us mem- 
orize countless trig tables. This probably didn’t kill 
any of us, but it's probably not too necessary these 
days. There are calculators that can do this for you. 
However, there are a few trig values that pop up their 
ugly heads frequently enough such that you should 
immediately recognize them when you see them. For 
example: .707. This number is both the sine and the 
cosine of 45 degrees. It shows up in countless alter- 
nating current equations, as well. You just can't get 
away from it. Fortunately, it's a rather catchy little 
number, easy to memorize. It looks symmetrical, and 
upside down it’s “LOL,” which is also something you 
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can't get away from unless you live in a cave. I'm not 
even sure you're safe from LOL there. This is also a 
good thing to know if you get caught with your text- 
messaging device in math class. When your hairy-eye- 
balled teacher sees LOL on your cell phone, you can 
just turn it upside down and say, “I don’t have a cell 
phone! It’s a calculator. See, it’s .707, the sine of 45 
degrees! I’m just doing my trig!” Your teacher will pat 
you on the head, say, “good boy/girl,” and move on. 

This brings us to the subject of cheating in math 
class. If you absolutely must do this, be sure the per- 
son you're cheating off is smarter than you are, oth- 
erwise there's very little point in doing it. Since you're 
the one reading my book, it goes without saying that 
you're already smarter than all your friends, so 
they're probably cheating off you. Now I can honest- 
ly, cross-my-heart, hope-to-die, poke-a-needle-in- 
my-eye avow that I never ever cheated in math class. 
This is not a testament to my sterling character, but 
due to the fact that all my classmates were bigger 
math idiots than I was, and I Icnew it. 

So, anyway, “rememberizing” a bunch of trig tables 
is far less important than understanding what they 
mean, and nothing gives more meaning to math than 
having a physical object that actually needs the math 
in your grubby little hands. If we look at our nearly 
perfect sine-wave water ripples, we can apply our trig 
tables to them. The height of each water ripple is 
equal to the sine of the distance from the soggy bob- 
bing tennis ball. Well, I should say it’s proportional to 
the sine of that distance. We have to have a starting 
height, so let’s arbitrarily make the waves one inch 
tall at their peaks. Oh... there’s one tiny thing I for- 
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got to mention. We have to measure our distance 
from the bobbing ball not in inches, or feet, or even 
centimeters. We have to measure this distance in 
terms of a wavelength. This throws a little kink in 
the works. 

What's a wavelength? It’s the distance between one 
wave peak and the next wave peak. Or the distance 
between one wave valley and the next wave valley. 
They're exactly the same. However, for practical pur- 
poses which we'll discuss later, we don’t use either 
peaks or valleys. It's best to measure the distance 
between zero-crossing points. This is the point where 
the wave just passes from below “sea-level” to above 
“sea level.” (Sea level is, of course, the level of the 
undisturbed bath water.) All three of these distance 
measurements are exactly the same, but there’s an 
important distinction when we start talking about 
phase angles. 

Okay, now that we've defined a wavelength, how do 
We chop it up? One convenient method is to use 
degrees. 360 degrees per wavelength is more than 
“fine-grained” enough for almost all electrical engi- 
neering problems. We can use the dreaded Pi-raclians 
for a cruder approximation, but most of us learned 
our trig tables in connection with degrees, so that’s 
not a bad place to start. 

If we want to know how high our wave is at any dis- 
tance from the soggy bobbing ball, we just count the 
degrees, find the sine of that number, and multiply it 
by the peak height (in our case, one inch). Let's go out 
45 degrees and find out how high the water is at that 
point. That's one eighth of a wavelength. The sine of 
45 degrees is LOL... 1 mean .707. Multiply that by 
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our peak wave height, one inch, and voila, the height 
of the water is .707 inch. Nothing to it! 

Now if you've been paying attention, you should be 
flapping your raised hand in vehement protest at this 
point. “But the waves are continuously moving away 
from the soggy bobbing ball! How can we get a meas- 
urement of any kind’?” 

Very observant! You have forced us to address the 
issue of standing waves versus traveling waves. The 
Waves moving away from the soggy bobbing ball are 
known as traveling waves, for obvious reasons. 
Ether waves are traveling waves. They have no 
choice but to travel, and when they do, they travel 
at the speed of light. 

However, there is another kind of wave that exists 
on our antenna wire. (I know, it’s taken a while for us 
to get from soggy bobbing balls to wires, but we're 
almost there, trust me!) 

We're going to talk about standing waves now. Let's 
look at the soggy bobbing ball itself. Even though it 
stays right where it is (at least in the horizontal 
plane), it has a wave action of its very own. If we were 
to take some graph paper and plot the vertical speed 
of the soggy bobbing ball in the vertical axis and time 
on the horizontal axis, and do this over several cycles 
of time, we would have a perfect sine wave as well. Is 
this surprising? It really shouldn't be. The ball is 
moving fastest as it approaches “sea level” and slows 
down at the peaks and valleys, (changing direction at 
each) and repeats the process over and over. Pretty 
simple, isn’t it? 

Now let’s make the final translation from the soggy 
bobbing ball to our antenna wire. (At last!) 
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In an antenna wire, we have electrical current 
“sloshing back and forth” from one end to the other, 
This is actually an almost unforgivable stretch of the 
marbles-in-a-pipe parable, but bear with me for a 
moment. 

Let’s take our tennis ball out of the bath tub and 
drill a hole right through the middle of it. We'll thread 
our antenna wire through the tennis ball. Just to 
avoid changing too many things at once, let's make 
our wire vertical (although we'll be working with 
mainly horizontal wires for the remainder of the 
chapter). Move the tennis ball along the wire, up and 
down, in exactly the same sine-wave pattern as it was 
doing when it was bobbing on the water. The tennis 
ball moves fastest at the middle of the wire and slows 
down near the ends. Now for one final step of logic. 
Let's replace the speed of the moving tennis ball at 
any given position on the wire with a value of electri- 
cal current at that position. We will have maximum 
electrical current in the middle of the wire, tapering 
off to nothing at the ends. The “taper” of this current 
is a perfect sine wave—perfect standing sine wave, to 
be precise, This is what electrical currents look like 
on any antenna. We are far from finished, but we can, 
at last, throw away our soggy bobbing tennis balls. 
We are finished with them, never to return! Be gone, 
you soggy bobbing tennis balls! 

Now that we have a wire with a standing electrical 
wave on it, we can actually get somewhere. After you 
get used to visualizing this sort of thing, it really does 
become second nature, but until you do, it’s easy to 
make some incorrect conclusions. The easiest mis- 
take to make is to assume that since the standing 
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wave is now stationary, nothing is really happening, 
and we somehow have stationary current, just sitting 
there with a nice sine-wave shape. This is incorrect. 
In reality, it's only the distribution of the current 
that’s stationary. We have a lot of things happening 
in the antenna. To paraphrase the song, “There's a 
whole lot ‘o sloshing going on.” In fact, at any point 
on the antenna we have a radio-frequency alternating 
current. The only thing that changes from point to 
point along the antenna is the value of that alternat- 
ing current. 

Here's the weird and wonderful thing about stand- 
ing-wave currents in wires: You cannot have them 
without creating traveling ether waves in the process! 
In fact, as we will learn, all the electrical power you 
insert into an antenna wire in order to create a stand- 
ing wave (minus a minuscule fraction due to heat 
loss) is radiated into the ether in the form of traveling 
waves! Isn't this marvelous? If you don’t think so, you 
probably don’t have a soul. 


Be Tanker 


CHAPTER 8 
A Relay Good Idea 


Sooner or later, you may emerge from the arc-lit, 
flux-drenched dungeon in which you have been sol- 
dering, tweaking, twiddling, and toiling into the light 
of day. This happens to the best of us, occasionally. 
My youngest daughter, Jasmine, refers to my den of 
iniquity (or more aptly, my den of inequity), as The 
Bat Cave. If you have a bat cave you can call your 
own, consider yourself most blessed indeed. 

As you're taking a shower, eating, or otherwise re- 
apprising yourself that you have something in com- 
mon with the human race, an odd thought may occur 
to you. You may recall some vague, amorphous 
impression that Amateur Radio had something to do 
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with communications of some sort, and truthfully, 
you would not be entirely mistaken. 

It has taken us seven chapters to avoid this 
unpleasant reality, but eventually we have to address 
a most disturbing issue. For some among us (present 
company excluded, of course) the smell of ozone, the 
hum of overloaded transformers, the gleam of enam- 
eled copper wire, and the sensuous silhouette of an 
807 vacuum tube, are not, of themselves, sufficient 
reasons to devote a lifetime to amateur radio. 
Although we must pity these poor artless souls, 
We might actually learn something from them as 
Well. . . if we try really hard. 

Like all other innovations, radio was an answer 
looking for a question. Most of us have heard the say- 
ing “Necessity is the Mother of Invention” and taken 
it at face value. Even the most cursory inspection of 
the history of technology will show us that this say- 
ing is unmitigated B.S. (Buffalo Sausage). Discovery 
has always preceded application. The historical fact 
is that radio was around long before anyone could 
think of anything useful to do with it. This really 
bothers a lot of people for some reason, especially 
those who have never discovered anything. As a 
Radio Amateur, this shouldn't bother you at all. You 
are a Radio Amateur because you are, literally, a 
lover of radio. If you aren't, well about the only alter- 
native is to be a user of radio. It's the difference 
between being a creator and being a consumer. 
Which is nobler? Which would you rather be? 

Wait... don’t answer that. You don’t really have to 
choose sides, after all, and that is what this chapter 
is about. 
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Somewhere around the time that Amateur Radio 
became formalized, that is, officially distinguished 
from commercial radio, amateurs began, somewhat 
unconsciously at first, to congregate around a com- 
mon activity. This activity was the relaying of mes- 
sages through one or more intermediate Amateur 
Radio stations. Originally, these messages all were 
generated by Amateurs themselves, and pretty much 
Amateur Radio related. These were things such as sig- 
nal reports and rundowns of station equipment, not 
that much different from modern, casual hamming. 
Hams were testing the waters of their capabilities, 
pretty much just seeing how far they could get. Like all 
great things in life, this was largely unplanned. 

Before long, a pretty reliable network of ham sta- 
tions began to spread across the country, all with the 
capability of relaying messages to other stations. This 
was the humble beginning of the American Radio 
Relay League, the American flagship organization of 
Amateur Radio. This concept proved so valid, so 
robust, that nearly a century later the American 
Radio Relay League has seen no reason whatsoever to 
drop the “Relay” from its name. 

Keep in mind that this network came into being 
before there was much of any kind of communica- 
tions infrastructure in most of the U.S. There were a 
few telegraph lines and even fewer phones “out West,” 
but most of the country was still pretty rural. 

The fledgling American Radio Relay League, as well 
as some smaller relay leagues (the ham radio equiva- 
lent of “Baby Bells”) developed a highly standardized 
and sophisticated method for passing messages 
around the country. Without even really trying, the 
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Amateur Radio network became the de-facto commu- 
nications “company” in the United States, (although 
commercial passing of traffic was expressly forbid- 
den, of course). 

Only after hams had paved the way through the 
wilderness did the real telecommunications infra- 
structure come into being. 

There is a problem with infrastructures of any sort. 
A little word study makes this pretty apparent. 


Infra... “underneath” 
Structure..."a building” 


This is precisely what happens when things go 
awry. Your critical systems end up buried under- 
neath a building somewhere. It goes without saying, 
the more intertwined you are with the infrastructure, 
the more likely you're going to be buried underneath 
a building or buildings—either figurative ones or 
physical ones. 

The beauty of Amateur Radio is that hams have, at 
least in theory, a large communications network in 
Place, operating outside existing commercial infra- 
structures, 

The more you know about how to handle communi- 
cations between yourself and other radio amateurs, 
the better off you'll be when things do go south. One 
should learn how to pass formal message traffic. It's 
not that hard to do, it’s lots of fun, and it can burn 
the cobwebs out of the equipment in your bat cave 
from time to time. And, for better or worse, it gives 
you a chance to interact with folks outside the bat 


cave, at least once in a while. 
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CHAPTER 9 
How to Do Stuff 


At some point in time, we migrated from the 
Industrial Age to the Information Age. What this 
means is that fewer and fewer people have any mean- 
ingful interaction with actual physical objects. We 
have been virtualized into non-existence. 

When you are required to handle physical items— 
be it a plow, a hammer, a chainsaw, a soldering iron, 
a voltmeter, a microscope, or even wind-a-watch— 
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you learn a little something about the world around 
you. You develop a “feel” for things. You achieve a 
general all-around competence that allows you to fig- 
ure things out .. . even things that are well outside 
your normal field of expertise. 

The Information Age has taken much of that away 
from us. Things that we old geezers had assumed 
Were common competencies are now viewed as dark, 
ancient mysteries. I actually have met licensed 
radio amateurs who have never turned a knob; every- 
thing they own consists of touch pads and computer 
menus. These are not Luddites or barbarians. They 
are more akin to robots, very smart but very clueless 
robots. 

A few years ago, I never in my wildest imagination 
would have thought it necessary to write a chapter 
like this; “How to Do Stuff." We hams just did it. 
Sure, we broke a few things along the way, but we 
eventually figured it out. 

Thus, I was faced with two options. The natural one 
would have been to shake my head in disbelief, 
muttering, “What's wrong with these whippersnap- 
pers?” behind my floor-length white beard and retire 
to my bat cave. Instead, I have chosen to take the 
high road, grasp the water-buffalo by the horns, and 
go for it. 

If you are one of those whippersnappers who just 
don’t know how to “do stuff," someone who's just 
never had an opportunity to use a tool, someone 
who's never taken a lab course in your entire school 
“career,” this chapter is for you. No condemnation, 
no guilt trips. It isn’t your fault in the first place. 
You have been cheated by the Information Age. I 
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promise to make it up to you. Are you ready? Good. 
Let's begin. 


My Shack 

Stay close by as we descend the narrow, dim stair- 
well into my ham shack. As your eyes adjust to the 
hazy light, take a look around. Don't panic. I'm right 
here by your side. See that long wooden bench to 
your left? Scoot right up there. Put your hands on it. 
Don’t worry; it won't bite. Honestly! 

There, that wasn't so bad now, was it? Feel that? 
That's real wood. Well, real plywood anyway. See all 
those black marks? Those are solder burns—a life- 
time of them. Close your eyes. Run your fingers over 
them. Oh, the stories this bench could tell if it could 
talk. Actually, it can, but you have to listen. 

Open your eyes now. Oh! I see your hand moving 
toward that crank on that army-green box. Go ahead. 
Turn it. I know you're dying to. Really, you can’t hurt 
anything here, and even if you did, we can fix it. You 
and me. Together. 

Yes, go ahead. Crank away. You have my permis- 
sion. Hah! I see that grin on your face! 

What's that smell? Well, it’s a lot of things, actual- 
ly. Burnt wood, of course. Some soldering flux. A lit- 
tle mold, maybe. A hot transformer in that power 
supply on the floor by your feet. Oh, that smell. That's 
carbon tetrachloride. Can't get the stuff any more, 
but it’s great for cleaning things. Don't tell anyone I 
have it, as it’s a banned substance. Smells great, 
though, doesn’t it? 

Oh, that. Heh, heh! Yeah, it does look like a torture 
device, doesn't it? It’s actually a thing called a short- 
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ing stick. You want to have one around when you're 
working with high voltage. 

Next, that’s a Unimat. It’s sort of like a whole 
machine shop rolled into one. I got it from my dad; he 
was a great model maker. He built H.O. trains the 
hard way. 

What's H.0.? Ahh, come over here. I have a few of 
Dad's old relics. Look at this, a BRO 4-6-4 rig. Ain't 
she a beaut? Dad built her from scratch, every scrap 
of brass, He even wound the motor and built the com- 
mutator from scratch, too. 

What's a commutator? Don't worry; you'll learn. 
We'll spend a lot of time here, you and me. We'll build 
a few motors. 

What do you say? Is that a nod or what? 

Good. Well, over there is my operating position, a lot 
smaller than my workbench. Most ham shacks used 
to be this way. It seems the work benches are shrink- 
ing and the desks are growing, what with computer 
terminals and all that. 

Well, now that you've had the cook’s tour, why don't 
We actually do something? 

There. , . pull up that barstool. Yeah, you can take 
all that crap off it and put it wherever you can. 73? I 
still have some of those? Dang, I guess I haven't used 
that stool in a while! Good find there, guy! Oh, sure 
you can take them home—any books, magazines, 
Whatever, Feel free to grab them. 


The Joys of Soldering 

The first order of business is to teach you how to 
solder. If you can do that, you can conquer the world. 
Here's my favorite weapon, a 35-watt pencil tip. You 
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don’t want to use this on surface-mount stuff, but it's 
okay for just about anything else. Why don't you plug 
it in over there. Thanks. 

Now you always want to keep a damp sponge near- 
by. Why don't you step over to the sink over there and 
soak this for me? Good. Just stick it in that peanut- 
butter jar lid there. 

When a soldering iron heats up, it gets slag on the 
tip and doesn’t conduct heat very well. You always 
want to keep the tip shiny. This is called tinning. 

If you were lazy, like me, and put the thing away 
before wiping off the tip the last time, it will have slag 
on it. No problem. See that little flagon of brown pasty 
stuff? No, that’s not coffee; it’s soldering flux. I'll 
teach you how to tell the difference between coffee 
and soldering flux in a bit. Sometimes it’s a bit tricky. 

Okay, now plunge that soldering iron right into that 
flux. Let the cloud of smoke curl around your soul. 
Listen to that sizzle. That is the sound of life itself. 
Savor the moment. That's right. Let go. You are now 
floating to the ether in a cloud of rich rosin flux. It is 
a “sweet savor unto the Lord” (Numbers 28:8), 

Now that you've come back down to Earth, you can 
wipe off the tip in that sponge. See how nice and 
shiny that is? 

Next, take a sprig of solder off that roll. Just a few 
inches . . . there you go. Let's see if the iron’s hot 
enough to do business. Just touch the solder to the 
tip; it should melt immediately. Just like that. See? 
Now wipe off the tip on the sponge again. Always 
wipe, wipe, wipe. Shiny, shiny, shiny. 

Why don’t we make a little box? Let’s use some of 
this double-clad circuit-board material here. I have 
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tons of it lying around. It's great for making cabinets 
and such. You can just cut it with a paper cutter. 
Let's make a 3-inch cube with one side open. We're 
going to want to put something in here. Use a straight 
edge and a scribe. We want five 3-by-3 squares, but a 
little overlap. We want the four sides about an eighth 
of an inch longer than the bottom, because we're 
going to solder the inside and outside edges. You 
need something for the solder to grab onto. 

Yes, each square will be three by three and a quar- 
ter. Very good! I knew you were pretty sharp! 

While you're scratching away, I'm going to run 
upstairs and get us something to drink. What would 
you like? Coffee? You know that stuffs bad for you. It 
will stunt your growth. Ha! We're going to get along 
just fine. Try not to burn down the shack for a few 
minutes, okay? 

Ah, well here I am again. I hope you drink it black. 
Oh, you're on the last one. Good. Now take them to 
the paper cutter over there and chop ‘em up. 

Very nice, Beautiful. Next, take this sandpaper and 
just run it along each edge. . . just like this. You want 
to eliminate any sharp edges. You're going to bleed 
enough in this hobby, but no reason to do it unnec- 
essarily, Good, Just like that. See, isn’t this more fun 
than whatever it is you kids do? 

All-righty then. Just to let you know, copper con- 
ducts heat really well, especially thin copper like you 
have on these boards. Don’t try to hold them with 
your fingers while you're soldering. I used to let kids 
figure that out for themselves, but I'm becoming a 
softy in my old age! 

Now before we solder these together, we're going to 
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tin them, where they meet. This makes the job a lot 
easier; you're going to have your hands full as it is. 

So, grab your weapon there. And what do we do? 
Wipe. Right! You're learning. Okay. Oops. Forgot. 
Put that iron back in the holster there. We need to 
put a little flux on the copper. Take that there acid 
brush... yeah, that one. Just take a dab of flux on 
there, and j-u-u-u-s-t kiss the edge of the board 
with it. Not too much. Just enough to know it's 
there. The solder has flux in it already, but for big- 
ger pieces we use a bit more. 

Good. Grab your weapon again and that roll of sol- 
der. We're gonna lay a nice bead of solder right along 
that edge there. That's right, wipe. Now hold the tip on 
the copper for a bit. You want the copper itself to be 
hot enough to melt the solder. Don't “drip” the solder 
on your connection. Let your connection do the sol- 
dering for you. Got it? Okay, now let the solder follow 
your iron along the copper. That's nice, beautiful. Keep 
it hot, go nice and slow. Great. Now always remove the 
solder before you remove the heat. See? Nice and 
shiny! No, no, no! Don't blow on it. Never blow on it! 
Why, you ask? Because you get a cold solder connec- 
tion. Tell ya what. Let's do a cold solder connection on 
purpose. Once you learn the hard way, you remember. 

Go ahead and tin the matching edge like we did the 
first one. Good. Beautiful. 

Now let's put these edges together. I have this magic 
claw thingy just for holding parts like this. Adjust it 
so those two edges are just like that. You're getting it. 

Okay. Now we're going to heat up those beads we 
just laid down and add just a little more solder as we 
move along. Yeah, just like that. You're getting the 
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hang of it! Good, you're there. Now go ahead and blow 
on it, just like you wanted to before. See those edges? 
You're right. They look dull gray, don’t they? Okay, 
remove the claw. Aw, darn. The poor little thing fell 
apart, didn't it? That is a cold solder connection. See? 
A picture's worth a thousand words. 

No problem. Put the claw back on, fling a little more 
flux on there, and do it again, this time no blowing. 
Give it a good minute to cool off after you remove the 
iron. There's a lot of copper mass that needs to cool 
off. 

That's right. Nice and easy. Feels like butter, does- 
n't it? You're home. Solder off, heat off, wipe, wipe. 
That's good. Now wait. 

Cream and sugar? What?! Is there something wrong 
With my coffee? Ha! Look in that drawer there. There 
ya go. Yeah, you can use one of those tongue depres- 
sors. Always keep your shack loaded with tongue 
depressors. They're great for, well, depressing tongues, 
Stirring coffee, making open-wire feeders ... that sort 


of stuff. 
Now go and see, Should be okay. Well, would ya 


look at that. It held! You're a genius! Think you can 
finish that box? Great! 

Now remember, we want to solder the inside and 
Outside edges. Have a ball, son. While you're doing 
that, I'm going to round up some parts. | think I have 
an idea about what to put in that box. 


Making Something for the Box 

Well, good morning, laddy. I see you came back 
today. You're either a glutton for punishment, or 
you're actually learning something here. Great! 


The Opus of Amateur Radio Knowledge and Lore 113 


Ah. I see you brought your insulated mug this time; 
good thinking. So, have you thought about what 
we're going to put in our little box? 

That's a great idea. A crystal marker generator. 
Perfect. I'm glad you got something out of those old 
magazines. What's that? 

No, you don’t see them too much these days, as 
most of the newer synthesized rigs don't need them. 
But if you're going to be homebrewing, or even using 
old boatanchors, there’s nothing like having a good 
marker generator around. 

Well, let's see here. I'm sure | have all the parts you'll 
need, but you'll never find them without my help. I 
think we'll use the old point-to-point construction. It’s 
a bit more work, but you really should know how to do 
it. Some other fine day we'll build something with the 
“ugly method” and then the “Manhattan method.” 
They all have their place, but point to point is, well, a 
lost art, one we need to revive. Sound fair? 

Good. Oh, by the way, I found a couple of almost 
empty parts bins. You're gonna want to take them 
home with you and start filling them up. 

Yes, anything and everything. It took me 40 years to 
accumulate all this stuff. I'll give you a good head 
start. 

Here’s the crystal you want. By the way, what's 
that? It’s a lot taller than most crystals; 100 kHz is 
pretty low in frequency and requires a big rock. Well, 
sure! I never pass up a teachable moment. Bring over 
those old rocks. 

See this? It’s called an FT243. It’s a crystal you can 
actually work on. I have tons of them. Most hams 
used to. 


114 The Opus of Amateur Radio Knowledge and Lore 


Go ahead and pop the lid on that puppy. There are 
three screws. Be careful, though, as it’s spring 
loaded. You don't want to sploy-doyng the parts all 
over the basement. 

Good. Now pull off the rubber gasket and the 
spring, Okay, see that steel plate? Pull that off. Yep, 
that's your rock right there, pure quartz. There's 
another steel plate on the bottom. You can take that 
out, too. Look at those two plates real closely. See 
those raised corners? See those raised bumps on the 
edges? You can barely see them. Those are where the 
crystal is suspended. It actually swings back and 
forth between them. 

Hard to believe, isn’t it? That quartz actually bends! 
Back in the olden days, we used to grind them to 
change frequency. Nobody wants to learn how to do 
that anymore. What's that? You really want to know? 
I am so proud of you, son! There might be hope for 
the hobby yet! Let's grind a crystal. Marvelous! 

Okay, before we start, we'd better find out where it 
is to start with. 

The holder says 3933 kHz? Well, that’s what the 
factory says. I might have reground it. . . err, 50 
years ago, Anyway, put that thing together, same 
order as you took it apart. Oh, be sure to clean the 
rock first. Fingerprints can make it quit. Just a little 
moonshine and a Q-tip® does the trick. Handle it by 
the edges only putting back in. Good job! 

Well, surprisingly enough, I do have a few pieces of 
new-fangled test equipment here. See that Sencore 
frequency counter? It has a crystal checker-thingy 
built right in. Let's fire it up. 

Just poke the leads right into those slots. Push the 
XTAL button, Well, would ya look at that—3933, just 
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like the man says. You have an unadulterated antique 
FT243. It would be a shame to desecrate it now. No, 
no! I'm just kidding. You need to do this. No problem. 

Okay, take it apart again, while I get some ingredients. 

I'm back. I have a plate of glass here as you can see, 
and a little bit of Comet® cleanser. Now back in my 
day, we used Macleans toothpaste. Ground that 
quartz right down to nothing, which is what it did to 
your teeth, too, I imagine. That is why you can't get 
the stuff anymore, but Comet® is almost as good. 

Oky doky. We want to make a little paste here...a 
little cleanser and just a little water. Smear it right on 
that glass plate, just like that. Now it’s very important 
that you grind the faces of the crystal perfectly paral- 
lel. If they aren't, it just won't start. Got the rock? 
Good. Just plop it down on that paste. Now take your 
finger, put it on top of the rock, and swirl it around 
on the glass plate in little figure-eight patterns. You 
don’t need much pressure at all. Beautiful. Just like 
that. Okay, that’s enough. It doesn't take much at all. 

Let's see what you've done. Wash it off. Water first, 
then moonshine. Great. Put it back together. I'm 
gonna pop upstairs to refill my coffee; be right down. 

I'm back. How's it look? Uh oh. Nada. Zip. No 
oscillaty! 

No, | don't think so. You didn’t kill the crystal. 
That's why we hardly did any grinding at all. 

Why am I grinning? Because I can already guess 
what you did wrong, I'll let you figure it out, though. 

Let’s just retrace our steps. That’s always a good 
place to start. I'm going to gather up some more parts 
for our marker while you figure this out. 

Well, that should just about do it. It looks like we 
have all the ingredients. How's your battle going? Is 


116 The Opus of Amateur Radio Knowledge and Lore 


the crystal upside down? Well, golly, I don’t know. 
Maybe you'll just have to flip it over and see. 

Does it matter, you ask? Like I said, you'll just have 
to try it and see! Sure, I could tell you, but I won't! Of 
course I'm an old grump, but you'll thank me later, 

You're getting pretty good at this, aren't you! 

Oh, poop! Still not working? What, oh what in the 
world can possibly be the problem? Don’t worry; you 
won't wear out the screwdriver. And even if you do, | 
have plenty more. Are we having fun yet? 

Yeah, my Elmer was just as cruel. Maybe even worse. 

Well, what do you know! I see that special sparkle 
of intelligence in your adolescent eyes. Yes, I believe 
that steel plate is backwards. You should be able to 
do this in your sleep now. 

Well, would you look at that! Success! What's it 
reading? 3943 kHz? See, you went up a whole ten 
kilohertz without even breathing hard. See how easy 
it would be to go too far? 

Well, yes, you can go backwards, a tiny little bit. If 
you take off too much quartz, you can draw a line on 
the rock with a regular lead pencil. It weighs it down 
just a smidge so it wobbles a little slower, but you can 
only go down a kilohertz or so. Also, the crystal won't 
always start, so it’s always better to go really slowly 
and not overshoot in the first place. It could take ten 
tries to get the crystal right on the money. 

We did have a lot of time on our hands, so instead of 
playing video games, we ground crystals all day. 
Anyway, you're on the way to becoming a real ham. 
Not many kids your age have even seen the inside of 
a ‘43, Take a look around, son. One day this will all 
be yours. 


ACT I 
What ItIs... 


PRELUDE 


Like life itself, Amateur Radio doesn’t necessarily 
follow a chronological order. It had something resem- 
bling a beginning, and, horrifying as the thought 
may be, it may conceivably have an ending some- 
where in the far distant future. However, there's a lot 
that has happened, and will continue to happen, 
between the two endpoints. Like the physical world, 
Amateur Radio does not consist of discrete parts, but 
reflects a continuum of technologies, interests, and 
relevancies. 

Amateur Radio is already different from what it 
once was, and presumably the future of Amateur 
Radio will be different from what it is now. There are 
common unifying elements, though, the most pro- 
found of which is that no matter how you might gild 
the lily, it is radio. 


Be Tanker 


CHAPTER 10 
From DC to Daylight 


You really can't get a proper feel for Amateur Radio 
without doing a bit of listening. .. . I mean with a 
radio. 

What we call radio is actually a vast spectrum of 
electromagnetic signals ranging in wavelengths of 
hundreds of miles to the microscopic, of which 
Amateur Radio is only a small part. Fortunately, 
although we only have a relatively small percentage of 
the entire spectrum at our disposal, we have chunics 
of radio “real estate” throughout the entire radio 
spectrum. Some of the most interesting of these 
chunks are totally unused, except by the most intrep- 
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id explorers in our Amateur Radio ranks. When it 
comes to keeping our allocations, in the FCC's eye, it's 
pretty much “use it or lose it.” We need to use it all. 

There is a lot you can explore in this wonderful 
radio spectrum even without a am license, and we 
highly encourage that you do so before getting a 
“ticket.” Not only was this the traditional way most of 
us got into the hobby, but it's a great way to keep us 
interested in the hobby. 

Curiously enough, some of the most intriguing radio 
signals come from non man-made sources. Although a 
tremendous amount of effort is put forth by Radio 
Amateurs to extract intelligible signals from the ever- 
present noise that permeates our radio environment, 
another group of us sometimes finds this very noise 
much more fascinating—and, frankly, sometimes 
more intelligent—than our normal “conversations.” 

For example, there is a blossoming interest in a 
thing called natural radio, which is, collectively, those 
radio signals that fall into the audio frequency range. 
Although these are true radio signals, they are not 
what one would normally consider radio frequencies. 
The hardware for building a natural-radio receiver is 
surprisingly simple and a great way to dip your toes 
into the “homebrewing” aspect of the hobby. A natu- 
ral radio is really nothing 
but a very high-gain audio 
amplifier. Antennas can 
range from simple whips to 
very elaborate coil anten- 
nas with tens of thousands 
of turns of wire. 

What do natural-radio 


Lightning's 


pretty... 
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enthusiasts hear, anyway? Little green men? Well, 
not quite. Things one might hear with a natural-radio 
set are whistlers, chirps, auroral roar, auroral buzz, 
choruses, and if you really work at it, a thing called a 
Schumann Resonance, which is the electrical reso- 
nant frequency of the Earth. These all are atmos- 
pheric or ionospheric phenomena set into action by 
distant lightning strikes, auroras, or even earth- 
quakes. There's a lot that isn’t known about these 
things, which makes it all the more fascinating. 

Although not officially an Amateur Radio band, 
there is an experimental allocation called the 1750- 
meter band, a frequency range of about 160 kHz, well 
above audio frequency, but still in the nether regions 
of radio. You actually can transmit here with low 
power, and there is an active, enthusiastic group of 
“lowlfers” who really challenge their technical skills by 
attempting to operate on this band. Europeans have 
some Amateur Radio allocations in the VLF range 
and can use considerably more power than we can in 
the U.S. We do, however, have a possible, real ham 
allocation in the future. 

We also have a limited-scale experimental allocation 
at 500 kHz, which used to be the international mari- 
time distress frequency (think Titanic). If you look at 
<http://www.500ke.com>, 
you can learn all that’s | 
happening down there. We 
also have the potential of a 
true ham radio allocation 
on 500 kc in the future. 

We shouldn't forget the 
plain-vanilla AM broadcast- 
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band, either. It’s a fascinating area in which to do 
some long-distance “DX” listening. Europeans are a 
bit more “into this” than Americans, generally speak- 
ing. Medium-wave clubs abound across the pond. The 
AM broadcast band is a huge chunk of radio spec- 
trum, percentage wise. The top end of the U.S. broad- 
cast band is nearly three times the frequency of the 
bottom end. This means that radio signals at 1650 
kHz can act very different from those at 530 kHz. 
Another advantage of the AM broadcast band is that, 
at least in the U.S., AM stations use very convention- 
al full-carrier modulation. This means you can still 
receive these stations with barbarically simple crystal 
radios and such, a great way to learn all the funda- 
mentals you really need to know about electronics! I 
don't know how long this will continue, as there is 
some pressure to convert AM broadcasting facilities to 
more efficient, if complicated, modes. However, for the 
time being it looks like the crystal radio is safe from 
extinction. In fact, crystal-radio experimentation is 
seeing quite a resurrection. Parts such as receiving- 
type air variable capacitors, which had almost disap- 
peared from the surplus market, are being manufac- 
tured again with even wider tuning ranges than once 
commonly available. This is because the AM broadcast 
band has been expanded in 
many parts of the world. See 
<www.midnightscience. 
But don't stand com> for some great crystal 
too close... radio information and parts. 
Another great source of in- 
formation comes from old- 
time magazines such as 
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Electric Radio, Popular Mechanics, Mechanix 
Illustrated, Popular Science, Radio News, and just 
about anything else published by Hugo Gernsback. 
There was a time when radio experimenting wasn't 
just for “radio heads,” but was a rite of passage for 
almost any kid. If you can locate any of these old mag- 
azines, they can be real treasures, not only for the 
construction articles, but also as collector's items. 
Back then you also had to have some mechanical 
skills to build radios, so there was a lot more “cross 
breeding” among hobbies when these publications 
were in their heyday. 

Back to Little Green Men (LGM) for a moment. It is 
not our intention to enter the debate as to whether 
extraterrestrial intelligence exists. You'll have enough 
to keep you occupied just looking for terrestrial intel- 
ligence. Having said that, we need to acknowledge 
that just the pursuit of LGM can lead to some very 
interesting technology. Martians may not have taught 
us how to build radio telescopes, but the search for 
Martians, misguided or not, certainly forced us to fig- 
ure out how to build these telescopes for ourselves! 

Part of the “trickle-down” economics of Big Science 
space exploration is the incredibly cheap hardware 
available to Radio Amateurs and other like-minded 
experimenters. One _ stag- 
gering example is the low- 
noise microwave amplifier, 
the price of which has Or you'll have 
plummeted exponentially a new hair 
over the past 20 years. For 
a hundred bucks you can 
buy an amplifier with spec- 


style.... 
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ifications unavailable at any price a quarter century 
ago. With one of these gems and a discarded satellite 
TV dish, you can now look for Little Green Men in 
your own back yard, or, rather, I should say, from 
your own back yard. (Then again, you may indeed 
have Little Green Men in your own back yard. If you 
do, be sure to log the event in detail. Just don't tell 
your parents). 

Also don't forget that plain old optical astronomy is 
really radio when you get right down to it. Light is 
electromagnetic energy—the same basic stuff as 
radio, In addition, you can do it with or without a 
ham license. 

It's no accident that so many Radio Amateurs are 
amateur astronomers, too! In fact, it seems that all 
the great thinkers of the past included astronomy in 
the things they thought about. Astronomy requires 
that you look above the smog and the traffic and the 
cell phones for a while. It helps keep things in 
perspective, and it doesn’t take a lot of hardware to 
do, either. 

Iremember camping in Death Valley with my broth- 
er and a bunch of his friends when I was in high 
school. They were all a bunch of space geeks. | mean, 
gainfully employed space geeks, not those who show 
Ag) up at “Star Trek” conven- 
al tions wearing chromium 
codpieces over their fluo- 
rescent Spandex knickers. | 
The Opus heard a voice from the inky 
darkness of the Death 
Valley night: “Hey, I can see 


= seven moons of Jupiter!” I 
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expected to see a 30-inch telescope or something 
mounted beside the guy’s tent. I went over to investi- 
gate, and the guy handed me a simple pair of binoc- 
ulars. I took a look, rather skeptically. Lo and behold, 
I could see all of those moons of which he spoke quite 
clearly. It was just a pair of binoculars, not the 
Palomar observatory! I never would have guessed. 

The point is, when it comes to science, where 
there’s a will, there’s a way. Well, actually that 
applies to any pursuit, but it’s more impressive when 
it comes to low-budget science. 


oo °@ 
Natural Radio: The Music of the Spheres 


It may come as a surprise to learn that radio was around before peo- 
ple. We still are receiving radio signals that originated at the very begin- 
ning of the universe, and no, it's not Morse Code, as much as I'd like it 
to be. Regardless of one’s theological leanings, it's undeniable that 
there is a lot of interesting stuff happening outside of our little globe. 
One piece of “required reading” for any truly thinking radio amateur is 
The Privileged Planet, by Guillermo Gonzalez and Jay W. Richards. The 
premise of this fabulous literary work is that as insignificant as the Earth 
may seem, we have an ideal vantage point for looking at what's hap- 
pening everywhere else in the universe, mostly by means of radio 
waves and light. 

However, there's a lot of interesting stuff right in our own back yards 
as well, and it doesn't take a lot of fancy hardware to listen to it. As it 
turns out, nearly every imaginable physical process transmits a radio 
signal of some kind. The human brain and heart emit radio waves—not 
very far, admittedly, but they are detectable. There are radio signals 
associated with seismic activity such as earthquakes and tides. 
Lightning storms are huge sources of radio signals both locally and at 
extremely long distances. For example, VLF “whistler” signals received 
in North America originate with lightning strikes in northern Africa. 
Tornadoes and other related storms emit radio signals well up into the 
VHF range. Meteors entering the Earth’s atmosphere generate broad- 
band radio signals as well as the more obvious visible light. The Aurora 
Borealis is a rich source of interesting HF signals, as well. 

In short, there is a veritable cacophony of radio signals ripe for the 
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picking and generated without any human input. In many cases, there is 
more intelligence to be found in these signals than much of what we 
hear on “normal” radio signals! 

The most interesting of these “natural radio” frequencies fall in the 
VLF, ELF, and ULF frequency ranges, well below the standard AM 
broadcast band. This is good news, because it's very easy to build very 
simple and sensitive receivers for this frequency range. In fact, there are 
a lot of radio signals that actually fall into the audio frequency range, but 
they are electromagnetic instead of acoustic in nature. All that is neces- 
sary to receive these signals is a high-gain audio amplifier. In fact, this 
is precisely how signals such as whistlers were discovered, mysterious- 
ly appearing on army field telephone circuits. Now, admittedly these old 
field telephones had thousands of feet of wire, for which not every ham 
has the room. However, short, effective VLF antennas can be built 
knowing what we know now. 

Interestingly, the ubiquitous computer sound card has given us a very 
simple and sensitive means of directly receiving and recording VLF sig- 
nals, with an appropriate antenna. In fact, the modern sound card is a 
very effective data acquisition device, much cheaper than the equivalent 
hardware of just a few years back and immensely useful for all kinds of 
amateur scientific applications. 

For a lot of great information on the nether regions of radio, “Radio 
Waves below 22 KHz” is a fabulous website: <http://www.vif.it/>. 

As with all radio, the total copper content (TCC) of your station is the 
main factor of VLF receiver performance. If you get bitten by the VLF 
bug, be prepared to wind /ots of wire! The aforementioned web page 
has many articles that show you just how to do it. 

This is a great “sub-hobby” for the unlicensed hobbyist, as well as the 
Radio Amateur, especially when the other bands are dead. Try it; you'll 
like it!—KL7A 


Bers 


Bo Tanker | 


CHAPTER Td 
The Paper Chase 


Now | don’t know about you, but I actually liked 
getting grades in school. Well, most of the time, any- 
way. Even when my report card occasionally sported 
letters farther down the alphabet than my parents 
would have liked, I got enough A’s to give me some- 
thing to gloat about once in a while. 

There is a trend toward doing away with grades in 
a lot of schools, some sort of mumbo-jumbo about 
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self-esteem and all that rot. Frankly, if I ever should 
need my brain worked on, I would much prefer that 
my neurosurgeon earned straight A’s all through 
medical school, even though he felt really lousy about 
himself the whole time. 

Amateur Radio is not a group therapy session. It is 
about real people doing real things with real hard- 
ware. Hopefully you already read the chapter “How to 
Do Stuff.” There are plenty of other things besides 
Amateur Radio you can do if you just need a warm 
fuzzy feeling: 


1. You can join the Audubon Society. (Inciden- 
tally, Mr. Audubon only painted pictures of birds 
he shot himself. 

You can recycle. 

You can reduce your greenhouse emissions. 
You can plant a tree. 

You can run for political office. 

. You can irrigate your colon. (This activity is 
rently identical to item 5). 

7. You can eat plankton. 


oe eS) 


The pleasant irony is that the best warm fuzzies you 
can get are the kind you feel when you actually 
accomplish something. This is what Amateur Radio 
contesting is all about. 

It is no mistake that competition and competence 
come from the same root word. These days there 
seems to be a cultural conspiracy against both of 
these concepts. The terms are perceived to imply that 
not everybody is equal. 

Well, duh. 

Despite all the psychobabble to the contrary, most 
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people actually like being competent at something. In 
fact, believe it or not, a few times in my life I've been in 
the company of people who actually are competent at 
almost everything. These people are an absolute joy to 
be around. (Not to be confused with mere know-it-alls 
who only thine they are competent at everything; these 
folks are genuine pains in the posterior). 

The fastest route to competence in any field of 
endeavor is, naturally enough, competition! You get 
better at something by surrounding yourself with 
people who are already better than you are. Mercy, 
my heavens! Did I really say that? Someone might be 
better than you are? How unfair! How unkind! How 
un-American! 

No, it’s neither unfair, nor unkind, nor un- 
American. Those people are better than you because 
they competed with someone who was better than 
they were! 

Amateur Radio is really just a microcosm of life on 
the “outside.” Even in our midst, we have those who 
will complain about “all those dad-burned con- 
testers” who interfere with the prostate and peri- 
odontal procedural discussion network on the 
Amateur Radio. Don't pay too much heed to them. 
Don't go out of your way to annoy them, but don’t let 
them spoil your fun, either. 

Granted, Amateur Radio contesting can seem 
daunting for the newcomer. Our advice is to dive right 
in. Nobody has ever been killed by a ham radio con- 
test. (Well, maybe one or two of the old grouches, but 
they probably were about ready to die anyway). You'll 
find that ham radio contesting, like any other sport, 
is addictive. Not only that, but you'll actually learn 
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something about radio by joining the fray. Hams win 
contests because their radios actually worl. Their 
stations and/or operating skills are (gasp!) probably 
better than those who don't win the contests—and 
almost certainly better than those who don't even 
enter the contests. However, even those who don’t 
win learn a lot. At least they learn more than the 
prostate and periodontal procedural discussion net- 
work crowd. 

Amateur Radio contesting takes many forms. There 
is a contest for nearly everyone, and for those who 
consider themselves to be their most formidable rival, 
there are also numerous awards. Most of these 
awards involve some piece of paper or plaque, all of 
which are really handy for covering up the holes in 
your shack wall caused by exploding radios and 
such. It’s no accident that such awards are known as 
“wallpaper” in the hobby. 

One award every ham should try to get early in 
his/her career is the WAS (Worked All States) certifi- 
cate, sponsored by the American Radio Relay League 
(ARRL). I was fortunate enough to achieve this with- 
in a few weeks of getting my Novice class ham license, 
but there were exceptionally good radio propagation 
conditions at the time. You probably won't be able to 
do this so easily, even if you do know what you're 
doing (which I didn't). There are also variations of 
WAS, such as single-band WAS, 5-band WAS, and 
even VHF WAS, Going after these awards all are good 
ways of burning the cobwebs out of your equipment. 

In addition, you should have your very own QSL 
cards. Get the best ones you can afford, or if you're 
so inclined, design your own and have them printed. 
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Sending and receiving real, genuine paper QSL cards 
is one of the classiest traditions in all of ham radio. 
Unfortunately, it’s largely going by the wayside, part- 
ly due to increased postal costs, but more signifi- 
cantly, due to a general lack of interest in all things 
of that nature. 

I have some QSL cards from members of the Dead 
Hams Society, as well as from some otherwise famous 
hams: Andy Devine, Arthur Godfrey, Barry 
Goldwater, and others. Besides the potential of these 
cards possibly being worth some real money some- 
day, these cards represent memorable experiences 
for me. Who knows, maybe some day I'll be famous 
enough for my card to be a collectors’ item... or 
maybe even you! 

Ages ago, the FCC dropped the requirement of 
keeping station log books, but every ham I know 
who really values the hobby still keeps one. Not only 
is ita good way of keeping track of those memorable 
Dead Hams Society contacts, but you can also keep 
notes of your station's development. (You are con- 
tinuously developing your station, aren't you?) Of 
course, too, for contesting you need some sort of 
record to keep score. 

Although all kinds of newfangled electronic log- 
keeping software is avail- 
able (and I use the stuff | 
myself), I really recommend 


keeping a genuine paper Gloom of 
log. You might consider get- night... 


ting handsome leather- 
bound ledgers for this, just 
in case you do become ————————— 
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famous. (I wish I'd done this instead of scribbling 
decades’ worth of contacts on spiral notebooks and 
random scraps of paper). 

Some of my most furious activity was when I had a 
Novice class license, and for two years I was only 
allowed to use Morse Code. I couldn't copy the code 
entirely in my head at the time, so I scribbled the 
messages down on the “B-side” of my log pages. Now, 
those Morse Code transcripts are irreplaceable 
records and reminders of my early ham career. I'm 
glad I have them, but it would have been even better 
if I'd kept them in a more intentional format. 

Bottom line: If you don’t remember what you did on 
the air, nobody else will. 

Well, back to contesting. As far as ham competition 
goes, the best way to get your feet wet is Field Day, 
although many seasoned hams dispute whether Field 
Day is an actual contest. This event is always held 
the last weekend in June. Although scores are kept, 
nobody takes the results too seriously, and newcom- 
ers are always welcome. 

Field Day is most hams’ first opportunity to emerge 
from the basement electronics laboratory and actually 
apply some of the knowledge learned to the real world 
of radio communications. You may notice a strange 
“jg circular source of light ema- 
“| nating from overhead dur- 
ing your first Field Day. 
This is known as the Sun. 
a'raging... Don't be too alarmed; many 
other hams have also expe- 
rienced this phenomenon. 
=e) What most hams find more 
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disconcerting is the presence of other people at their 
first Field Day, and even more frightening is some of 
these other people are not even Radio Amateurs! 

Yes, Field Day is one of the few times when the 
“public” gets exposed to Amateur Radio. This is not 
necessarily a bad thing. In fact, it’s a golden oppor- 
tunity for you to feel competent about something, 
even if it’s only due to the fact that you'll be around 
some people who don’t have a clue what Amateur 
Radio is about. In effect, you're better at being a 
Radio Amateur than those who aren't Radio 
Amateurs. That should give you a warm, fuzzy feel- 
ing right there. However, there’s more. You have the 
potential of actually winning, or at least placing well, 
in a national competition, and even if you don't, 
because of the relatively laid-back nature of Field 
Day, you won't be hoisted up a mast by a coil of 
coaxial cable around your neck. This is different 
from many true contests, where skill, the proper 
conditions, and location, location, location, make so 
much of the difference and can make all the differ- 
ence as to whether you come out ahead of the pack. 
A lot of hams do take their contesting very serious- 
ly. After you've ventured into this a couple of times, 
you might find you take it pretty seriously, too. 
There is definitely the same 
sort of adrenalin rush as 
you get with any other 
sport. In fact, in mayn 
places in the world they wit . 
refer to ham radio contest- 
ing, or even ham radio 
itself, as “Radiosport.” 


This Opus 
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It probably goes without saying that if you ride your 
tricycle onto an Indy 500 oval, you're likely to get run 
over. A world-class ham radio contest is fast and furi- 
ous. You may want to “apprentice” for a while with 
one of the big boys before you grab the microphone or 
key. You can do this as a logger, for instance. When 
you're making a contact every five to ten seconds, you 
don’t have time to write stuff down, so most Amateur 
Radio athletes have someone to do the logging for 
them. Try not to screw up this function. Your job in 
this position is akin to being Attila the Hun’s butler: 
Your life will be at stake. 

You have to anticipate your master’s every 
thought. You have to be able to interpret his cryptic 
reports. Fortunately, most contests have pre-fabri- 
cated reporting formats; you can get into the groove 
without too much trouble. If it is a CW contest, it 
really helps to know high-speed Morse Code, but it 
is not absolutely necessary. A really good CW con- 
tester can grunt out the callsigns and signal reports 
to you in something resembling English, so you can 
log him. It is necessary, however, to be able to 
touch-type proficiently. 

If you serve your Attila masterfully during a major 
contest, he is quite likely to allow you to actually 
Aja) operate during the next con- 
|r test. Then again, he may 
not, since he would really 
like to keep you as his log- 
ger. You'll have to work this 
out yourself. 

Actually, a first-rate logger 
can hear all the same stuff 


Will keep ya' 
paging.... 


A) 
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the actual contester can; in fact, he will occasionally 
catch something the operator misses. You become an 
instant hero when this happens. 

Now be aware that many multi-multi contest sta- 
tions operate by invitation only. It is sometimes a 
major accomplishment just to get yourself invited to 
observe, and if you are, it is a privilege not to be taken 
lightly. Hard-core contesters are a different breed. 
Probably, you will seldom, if ever, see them at your 
local ham club meetings. In fact, they probably aren't 
even members of your local ham club, They don't 
have time or the stomach for the petty politics and 
other baggage at times associated with local clubs. 
They would much rather spend their dues dollars 
tweaking their stations . . . in other words, being real 
Radio Amateurs. 

The best way to get invited to a contest station is to 
do your homeworl. Contesters plan for months and 
sometimes years before a one-weekend contest. Do 
not waltz in on Friday afternoon before November 
Sweepstakes or CQ WPX. Mention a specific contest by 
name, and ask the contest master how you can help 
him to get ready for that six months before the fact. 
Bring something to offer, which generally means 
knowing something about radio. Of course, there's 
always grunt work to do, 
too: climbing towers, pulling 
cables, organizing files, etc. 

Most contest stations 
have a lot of customized The Opus 
electronics, such as_ spe- 
cialized controllers to allow 
all the radios to operate fs 
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harmoniously, as well as some pretty exotic software 
to tell it all exactly what to do and when. This is a 
good place to learn some advanced electronics. It is 
not the place to ask what Ohm's Law is. Know how to 
homebrew stuff, and perhaps, how to write some 
computer code, In other words, present yourself with 
some actual skills. 

Think of it as applying for a high-tech career with 
no pay. 

In reality, a very high percentage of contesters are 
well-paid electronics professionals in their “day jobs,” 
who nevertheless desire to devote a good deal their 
spare time and resources to contesting, where the 
only reward is the sheer joy and challenge of ham 
radio—and a job well done. They are in it for the love 


of ham radio. 
In other words, they are true, devoted Amateur 


Radio Operators. 
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CHAPTER 12 


Wiring Things: The Soul 
of Radio 


There are so many great basic electronics books 
out there that it would be more than redundant for 
us to do it all over again in this book. I am not in 
the least averse to redirecting readers to other bod- 
ies of literature that handle the job far better than 


we can here. In fact, we insist you go elsewhere at 
this point. To wit. 
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Every ham must have: 


The ARRL Radio Amateur's Handbook: 

The ARRL Antenna Boole 

Reflections III, by Walt Maxwell, W2DU, pub- 
lished by CQ Communications, Inc. 

The article, “My Feedline Tunes My Antenna,” 
by Byron Goodman, W1DX (SK) 

As many really old QST magazines as possible 

The RCA Radiotron Engineers Handboolc (long 
out of print, but a true classic, well worth the 
search) 

200 Meters and Down, by Clinton DeSoto 


Also strongly suggested: 

The NAB Engineering Handbook (beg, borrow, 
or steal from your friendly local broadcast engi- 
neer, as you can't afford a new one) 

Electronic Communications, by R. L. Shrader 

Any edition of the RCA Receiving Tube Manual 

Anything written by L. B. Cebik, W4RNL 


Read each and every one of the aforementioned 
works from cover to cover and come back here when 
you're all done. 

No, wait, scratch that. I can’t wait that long. A bet- 
ter idea is to just start 
accumulating those books 
while you're reading this 
chapter. You see, what we 
want to give you is a com- 
prehensive look at amateur 
radio. We want to explore 


I the very soul of Amateur 
Ab 


There's just no 
excusin'... 
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Radio, which, of course must include electronics the- 
ory. However, we want to drench the whole thing in 
meaning, as well. You can’t get that from any of those 
works alone, which is what we will attempt to do in 
this chapter. 

Radio really is bizarre when you think about it... or 
even when you don’t think about it. You slosh some 
electrons back and forth here; it creates ripples that 
move through a goo called ether, which then re-slosh- 
es some electrons back and forth over there. Oddly 
enough, it doesn’t matter how hard you slosh your 
electrons here; it takes the same amount of time for 
the electrons to start re-sloshing over there. Now 
granted, the time between here-a-slosh and there-a- 
slosh is exceedingly short, but it seems that there 
should be at least some reward for sloshing harder 
here. After all, some Pony Express horses were faster 
than others. You pay more for a supersonic flight than 
you do for a flight on a normal airliner. 

Radio is frustratingly democratic, by comparison, In 
fact, it seems to fly in the very face of my concept of 
winners and losers in this chapter. Yet, that is the true 
magic of radio. That is the very soul of radio. No mat- 
ter how insignificant you might be, any ripples you 
manage to create in the ether goo continue for ever 
and ever and ever and ever. 

This is not to say that any 
thought you happen to 
express by means of ether- 
goo ripples is of any conse- 
quence, even assuming 
there is someone out there 
to receive it. 


For improperly 


fusin'.... 
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However, the mere potential that something you 
transmit from your pipsqueak radio might be heard 
light years away should be enough to excite you, if 
you have a soul at all. 

It's like this, if I might wax philosophical for a 
moment. (I have plenty of philosophy wax, too). 
Almost anything you do in life is very quickly 
undone by someone else. In fact, it's almost guar- 
anteed that someone out there is undoing what 
you're doing, even while you're still doing it. Ask 
anyone who has kids. 

I have a friend who quit a very high managerial 
position with tons of seniority to work in a machine 
shop. His new job was bending stainless-steel tubing 
ona factory work bench. He was thrilled with his new 
job, the happiest he'd ever been in his life. I asked 
him why he made such an apparent “step down” in 
his career. His answer was simple and profound: 
“When I bend a pipe, it stays bent.” 

Isn't this what we all look for in life, when we get 
down to it? We want to do something that stays done 
after we do it. 

Radio is even better than bending pipes in this 
regard, While my friend’s pipes merely stayed bent, a 
sent radio signal stays sent! In fact, it’s better than 
just staying sent; it keeps 
Nr sending itself farther. 
Forever! What else on this 
planet does that for you? 
The Opus Even more amazingly, it 
really doesn't matter how 
you send your signal which 
keeps on sending. All it 
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requires is that you slosh some electrons through a 
wire. You can use almost anything to slosh electrons 
through a wire. You can use sparks. You can use vac- 
uum tubes. You can use magnets. You can use tran- 
sistors, You can use integrated circuits. Once a sig- 
nal is sent, it doesn’t matter. The ether goo couldn't 
care less. The physics is completely independent of 
technology. 

When you send a radio signal, you transcend time 
and space. This fact is lost on most people these 
days—including most hams. In fact, the more enam- 
ored people become with technology, the less they 
appreciate the physics that allows it to happen. This 
is a tragedy of the first degree. 

Don't let it happen to you. 


CHAPTER 14 


Setting Up Your Very Own 
Ham Radio Station in 
Your Bedroom, Garage, 
Attic, Basement, or 
Perambulator 


You'll notice that there is no Chapter 13 in this 
Opus of Amateur Radio Knowledge and Lore. This is 
not to be interpreted to mean that the author is 
superstitious in any manner whatsoever. However, 
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since this tome deals with lore as well as facts, we 
might as well make some concessions to those who 
might be superstitious. We'd hate anyone to miss out 
on a very important and exciting chapter. 

Hopefully, by now you have paid a visit, or many 
visits, to your friendly local Elmer. You've seen all the 
things that work for him, as well as a few things you'd 
improve upon if you had your own radio station. Well, 
here is your golden opportunity to do it right. 

This is not to say that you will have your personal 
Taj Mahal in which to put together your dream sta- 
tion, although in rare instances, you might. There is 
nothing like having a real, dedicated radio shack in 
which to perform your devious deeds. However, most 
of us have to work up to that point. It may be that 
your first radio room is actually a broom closet, a cor- 
ner of your desk, an attic, a basement, a doghouse, 
or a car. 

Before we go much further, however, I'd like to 
direct your attention to a six-point ancient document 
known as “The Amateur’s Code,” which first showed 
up before your great-grandfather was born: 


The Amateur's Code 
The Radio Amateur is: 

CONSIDERATE .. . never Inowingly operates in sucha 
way as to lessen the pleasure of others. 

LOYAL. , . offers loyalty, encouragement, and support to 
other amateurs, local clubs, and the American Radio Relay 
League, through which Amateur Radio in the United States 
is represented nationally and internationally. 

PROGRESSIVE . . . with knowledge abreast of science, a 
well-built and efficient station and operation above reproach. 

FRIENDLY... slow and patient, operating when request- 
ed; friendly advice and counsel to the beginner; kindly, with 
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assistance, cooperation, and consideration for the interests 
of others. These are the hallmarks of the Amateur spirit. 
BALANCED .. . radio is an avocation, never interfering 
with duties owed to family, job, school, or community. 
PATRIOTIC . . . station and skill always ready for serv- 
ice to country and community. 
The original Amateur’s Code was written by Paul M. 
Segal, W9EEA, in 1928. 


Take special note of the fifth point, as I've never met 
a balanced radio amateur, and neither will you. This 
was surreptitiously inserted into the “Code” as a fee- 
ble gesture to portray radio amateurs as normal 
human beings. It was a futile attempt in 1928, and 
it's a futile attempt now. However, it does sort of 
make us all feel warm and fuzzy, so it’s still with us 
more than 80 years after the fact. 

In modern day vernacular, this point might be 
translated as “get a life.” Obviously, if you have made 
it all the way to Chapter 14 of this book, you have no 
life, nor does any other true Radio Amateur. Don't 
fight it. You may, in all good conscience, totally ignore 
this point, but be aware that it exists, just in case 
anyone asks. 


The Start in Amateur Radio... 
and How to Solve Problems 

If you're like me, you probably got your start in ham 
radio late in high school. Actually, I didn’t get my 
license until the summer after graduation, but I was 
doing a lot of peripheral radio stuff well before then, 
building crystal radios and simple shortwave 
receivers and such. I had a pretty fair-size built-in 
desk in my bedroom, extending about six feet either 
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way from the northwestern corner window. The west 
wall part of the desk was dedicated to homework and 
other things I was supposed to be doing, while the 
north wall part of the desk was dedicated to radios 
and such. Eventually the radios crept around the 
corner toward the homework end of the desk until 
the latter pretty well vanished into non-existence. 

The suggestion is to save time by eliminating the 
homework part of your desk right at the outset. Of 
course, this may not be entirely feasible, especially if 
you happen to have parents who might have a say in 
your educational progress. In this case, the next best 
thing is to make your ham radio equipment look like 
homework. This is not quite as difficult as it sounds. 

If you look at any ham radio publications from the 
early 1950s and thereabouts, you will find countless 
schemes for making Amateur Radio look like some- 
thing it isn’t. There were all kinds of construction 
projects for making ugly ham radios look like they 
belonged in the living room or den. Some of them 
were astonishingly clever. You could even buy some 
of them. 

Granted, most of these products primarily were 
designed for use by grown men to hide their radio 
stations from their wives, but the principles also 
applied to hiding radios from parents. 

Now this brings up a most curious paradox, which 
I don't think anyone has solved . . . as of yet. 

As a young Radio Amateur, your chances of having 
a life and thereby acquiring someone who might even 
give a rip where you put your radios (i.e., a wife) are 
pretty much nil, as we've already established. And 
yet, it seems that many hams mysteriously end up in 
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the “company” of humans of the female persuasion 
who have a major purpose in life to place restrictions 
on their husband's Amateur Radio activities (unless, 
of course, they themselves are Amateur radio opera- 
tors—a different scenario altogether). This is one of 
the great ancient mysteries of the universe, of which 
I shall inquire in the great beyond. 

Be that as it may, there are many effective ways of 
making radios not look like radios, if necessary. This 
is even easier to do nowadays than it was in the 
1950s, now that most ham radios no longer cast 
huge crackling blue arcs across the drawing room. All 
it takes is a little imagination and some basic con- 
struction skills. 


What Every Ham Shack Needs 

Let’s go over a few things that every ham shack 
needs—eventually. Where many of new hams go 
astray is they think they need everything at once. You 
probably don’t have the room or the money to do it all 
yet. However, let’s set some goals, starting with the 
top priorities. 

You need a 24-hour clock . . . a big one, front and 
center. This should be set to Coordinated Universal 
Time (UTC), the time formerly known as Greenwich 
Mean Time. Amateur Radio is an international 
hobby, and you need to start thinking about the 
Earth as being round. Everybody doesn't live in your 
time zone. This clock should be one of the first things 
a visitor to your shack sees. It immediately identifies 
you as being an international sort of guy/gal. It will 
raise thoughtful questions about your hobby. 

Since you're going to be spending a lot of time look- 
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ing at that clock, it should be an interesting one. 
Never settle for an ugly clock. If at all possible, get 
one that’s locked to WWV, internet time, or some 
other accurate standard. If it’s a mechanical clock, be 
sure it's a good one that you don't have to reset every 
day. Clocks are great homebrew projects as well. On 
the web you can find some fascinating clocks made 
from Nixie tubes and other exotic electronic indica- 
tors that you can build in a weekend. 

You need a wall map of the world. Your local uni- 
versity’s professor of basketry may not know where 
the continent of Africa is, but you should, and if you 
have a map, you can point it out to him when he 
comes to visit. You need to start poking tacks into 
this wall map of places you've worked as soon as you 
get your license. It should look like a porcupine in a 
few months. 

One clever alternative to the wall map is a globe, as 
it helps you remember that the Earth is not actually 
flat. Some enterprising hams actually have connected 
such globes to their antenna rotator controllers, so 
they rotate along with their directional antennas. This 
is a useful and attractive accessory to any ham shack, 
but perhaps a bit over the top for many beginners. 

The bottom line: You should know where you are 
and when you are. 

You need a shortwave receiver, separate from your 
normal transceiver, something visitors to your shack 
can twiddle with to their heart's content. A lot of peo- 
ple these days don't have a clue what shortwave radio 
is. You need to show them. 

You need a sturdy operating table. Ham radios 
can be heavy, even the new ones. Folding tables will 
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eventually sag. Your table needs to be strong enough 
to stand on in order to reach those upper shelves 
above your radios as well as that hatch door into your 
attic. 

You need two comfortable chairs (but not too com- 
fortable), one for you and one for your guest. Your 
guest chair should be occupied at least one hour per 
weekend. 

You need some electricity. Ideally, you want a 
service dedicated to your hobby, even if it’s just a 
dedicated circuit breaker for a closet. If you intend to 
run some serious power, you definitely want a 240V 
outlet. Although most linear amplifiers will run on 
120, they will run better on 240 with much less light 
dimming and flickering in the house. (Be sure to con- 
figure your linear amplifier to work on 240, if you 
make that decision. Plugging an amplifier designed to 
worle on 120 into a 240 outlet will really worl great— 
for about fifteen seconds!) 

Although most ham literature makes a big produc- 
tion about station grounding, a lot of it is superfluous 
these days, if it was ever accurate at all. You want to 
make sure your equipment has a conductive path 
to service ground for safety reasons, but the third 
wire on all modern commercial equipment entirely 
fulfills this requirement. External chassis grounds 
are never necessary, and can often exacerbate certain 
problems such as ground loops and such. You do not 
need a copper bus bar running along the back edge 
of your operating table, contrary to much conven- 
tional wisdom. 

A bus bar system on your workbench is a different 
matter, but for entirely different reasons. You want a 
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convenient place to attach your shorting stick or 
sticks, as well as a reliable static discharge point. 
However, for your operating table? No. 

RF grounding is yet another topic. It is something 
that should be handled entirely outside the shack, if 
at all. If you have RF in the shack, you are doing 
something wrong at your antenna to begin with. That 
problem should be taken care of outside! I (and many 
others like me) run a full kilowatt of power using 
open-wire feedline in the with no RF feedback prob- 
lems whatsoever on any HF band! All it takes is care- 
ful layout, not 400 square feet of copper strap. 

As a ham, you're going to need a few tools. 
Although ideally your workshop will be at one with 
your shack, in many cases these will be two different 
entities. At the very least, every ham needs: 

1. A soldering iron or station. Several gauges of rosin- 
core solder and a vat (okay, a little jar) of rosin flux. 

2. A Dremel Moto-tool kit. I used to consider this a nice 
option, but I've moved it up to an absolute necessity. Also, 
include safety goggles or glasses. Get a set of earplugs as 
well; disposable ones or fancy high-tech ones are fine. 
Dremels are noisy little buggers, and you want to save your 
hearing for those weak CW stations! 

3. A drill index. You can get a drill adapter for your 
Dremel that will accommodate those itty-bitty bits. 

4. A set of flat screwdrivers, Philips screwdrivers, and 
Allen wrenches. Some Torx drivers are nice to have, too. 

5. An X-Acto® knife kit. 

6. Needle-nose pliers and flush-cutting diagonal wire 
cutters. 

7. Your standard “big tools": hammer, wrenches, 
Skilsaw, sawhorses, ladder. 

8. Fasteners. 

9. A multimeter. A newfangled Fluke DVM is ideal, but 
an old Simpson VOM is great, too. 
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10. An audio signal tracer. 
11. Some common sense: Now available in handy squirt 
bottles at your local apothecary. 


If at all humanly possible, you should have an 
equipment rack or two in your shack. These can be 
open rail “relay racks” like the phone company uses, 
or full cabinets. The relay racks use less floor space, 
but they need to be bolted down. Freestanding cabi- 
nets need a few square feet of floor space, but they 
can handle very heavy, uneven loads. 


Racks and Cabinets 

After putting together countless stations, I've con- 
cluded that nothing beats equipment racks. You 
always run out of horizontal real estate before you run 
out of vertical real estate; it doesn’t matter if you're in 
a broom closet or a garage. It’s amazing what you can 
put in a single 72-inch rack cabinet, and you can get 
84-inch cabinets without looking too hard. You can get 
anice desk that bolts onto the front of a standard rack 
cabinet, too. If you're limited in space, nothing gives 
you more bang for the buck than a standard rack cab- 
inet. Also, if you do have the space, a few rack cabi- 
nets bolted side-to-side make a real snappy-looking 
installation, especially with the bolt-on desks. 

Both the cabinets and the relay racks are usually 
available for next to nothing at surplus yards and 
such. New they can cost a fortune. Do some dump- 
ster diving! 

Now despite the inarguable utility of equipment 
racks, they still tend to look like equipment racks. 
For some strange reason, many people object to their 
living rooms looking like Houston Control. For those 
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unfortunate souls, there is the attractive option of 
actually building some handsome radio-disguising 
furniture, 

A few summers ago my oldest daughter, Jennifer, a 
very artsy sort of lady, saw this weird free-form book- 
shelf in some European catalog. It cost about as 
much as the down payment on my house. She really 
wanted something like this in her living room. Being 
the persistent sort of person she is, she asked if I 
could build her one. Yeah, right. 

My concept of woodworking up to that point was 
sawing off a couple of l-inch planks and _ placing 
them across a couple of cinder blocks for a work- 
bench, I told her if she could draw me the thing, I'd 
see what I could do. This monstrosity needed about 
400 board feet of lumber, because it had all these 
randomly placed rectangular cubicles. We took an 
entire weekend to assemble this thing using just 
cheap pine boards, but after everything was all lac- 
quered (the wood, I mean not my daughter and me), 
it looked fantastic! I probably could have sold it ina 
European weird bookshelf catalog for an exorbitant 
price, too. It worked so well, I built myself a modified 
version of it for my ham shack in which to put a lot 
of my operating equipment. 

The only downside was that all her friends wanted 
me to make European free-form bookshelves for them, 
too. I took the easy way out; I bought my daughter a 
fancy table saw so she could make her friends the 
shelves now that she knew how it was done. 

The point of this is that you don't have to be a 
genius to do some clever things. You just need to be 
a bit crafty and persistent. 
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No, if despite all your persistent craftiness you still 
can't manage to find a place in your home for a ham 
shack, as a last resort there is always your car. 


Mobile Hamming 

You really shouldn't think of a car as being the last 
resort for a ham shack. In fact, there are some great 
advantages to mobile hamming: 

You can get away from electrical noise, Most neigh- 
borhoods are full, and getting fuller, of noise-generat- 
ing appliances and toys. A plasma TV, for instance, 
can Wipe out all shortwave reception for a couple of 
square blocks. The FCC tells us it’s going to solve this 
problem for us, but we aren't holding our collective 
breaths. Even the “cleanest” neighborhoods have 
power lines, and even well-maintained ones can still 
be sources of unwanted noise. You can drive out into 
the sticks or up to a mountaintop and enjoy ham 
radio like it's supposed to be. 

In a mobile ham shack you can operate free of all 
distractions: telemarketers, the wife, the kids, the 
parents, the yapping dogs, the nosy neighbors. In 
fact, many hams who have excellent home ham 
shacks also have nicely equipped mobile ham 
shacks. There are a few tricks to making a mobile 
ham shack work properly, however. 

First of all, for HF operating anyway, you're always 
going to be working with a less-than-optimal antenna 
due to sheer size limitations. Even so, you still can 
come out ahead of the game, because you may have 
a quieter, and/or higher, location than you have at 
home. A lot of great DXing can be done from a car. In 
fact, Hams have achieved DXCC from their cars! 
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Secondly, you usually have some power limitations 
when operating mobile. Although many hams do 
operate at full legal limit from their cars, it's no mean 
feat to come up with that kind of power, at least for a 
while. You usually need to beef up your vehicles elec- 
trical system to pull it off. On the other hand, run- 
ning at 100-200 watts is usually a snap. 

A few hints: Always run power to your mobile radios 
directly from the car battery. This is sometimes a bit 
of a trick, since most new cars have driver's com- 
partments that are sealed tighter than Lenin's tomb. 
However, there’s always some portal to the engine 
compartment; sometimes you just have to dig for it. 

The reason to use a direct battery connection is 
that it’s quieter. Although a battery itself is a won- 
derful source of power, the best you can get, the 
rest of a car's electrical system leaves something to 
be desired. By using a fat cable directly to your car 
battery, you can take advantage of the battery's nat- 
ural filtering action. Many hams use RG-8 coax 
cable for the power connection to the battery, as 
this affords some shielding as well. If you do this, 
just be sure there is no way of confusing this with 
your antenna coax! There could be interesting 
results. Oh yes... be sure to fuse your power cable 
at the battery! There are in-line fuses available at 
your local auto-parts store just for this sort of thing. 
Car batteries supply lots of current, and a direct 
short circuit in a run of RG-8 will most assuredly 
cause a vehicular meltdown, or worse. 

Most new cars have a lot of persnickety electronics 
in them. Be sure when you key your microphone that 
it doesn’t cause your brakes to lock up or cause other 
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surprising events. The place to check out this is in 
your driveway, not while cruising the interstate at 75 
miles an hour! 

Because vehicular antennas are necessarily short, 
they are also very narrow-banded. The laws of 
physics dictate this. You aren't going to find a mobile 
antenna that covers the entire 80-meter band with- 
out some retuning! 

On the lower HF bands (or 160 meters, if you're one 
of that rare breed), most of your antenna will be load- 
ing coil. Therefore, your loading coil must be a good 
one. In fact, the performance of your mobile ham sta- 
tion on the lower frequency bands is solely deter- 
mined by the quality of your loading coil. An effective 
low-band mobile antenna will have a loading coil 
that’s short and fat and a ways up on the antenna. In 
other words, it will be big and ugly. Get used to it. 
You're goal is to make radio, not a fashion statement. 

Where to put the radio itself? This is a bit of a 
quandary these days. Back in the 1950s trunks were 
big enough to stash a couple of stiffs as well as a 
Heathkit Warrior. This isn’t the case today, of course. 
Cars are a lot smaller. Fortunately, so are radios. 
However, you still need to do some planning. If you 
can obtain a transceiver that has a remote-control 
head, it makes things really nice. You can put the 
radio back near the antenna, where it works better 
anyway, while a small control head doesn’t have too 
many functions to piddle with while you're driving. 
Actually, remote-control heads make nice homebrew 
projects, if your particular radio doesn’t have one 
available. You might be forced to actually learn how 
your rig worlcs in order to pull it off, but that’s never 
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killed anyone so far... at least, to the best of our 
knowledge. 

Although having a bit of power to work with is 
desirable in a mobile situation in order to compen- 
sate for antenna inefficiencies, it isn’t always neces- 
sary. I did a lot of mobile DXing with a measly 5 watts 
on the upper HF bands, although admittedly, this 
was during a time when propagation was just 
“screaming.” Single-band QRP mobile transceivers 
are a great way to get your feet wet in homebrewing. 
You don't need to have every band available. Most 
dedicated mobile operators end up settling on a 
favorite band or two anyway. It’s always better to 
have a mobile station that works well on one band 
than one that works like excrement on every band. 

Whatever you do, be sure your radios are firmly 
attached to your vehicle. Even a small radio is a dan- 
gerous projectile in a moving car—or, more precisely, 
in a car that’s suddenly stopped moving. There is a lot 
of commercially available hardware available for near- 
ly every car and radio combination keeping your 
equipment securely in place. It also makes it a little bit 
harder to steal, although not much. This was less of a 
problem when | was first licensed, when most mobile 
radios weighed as much as the cars they were in! 


Tying Up the Loose Ends at Home 

Well, let's go back home and tie up a few loose ends. 
Attics deserve some special note for a couple of rea- 
sons. The good news is that there usually isn’t a lot 
of competition from other family members for attic 
space. The bad news is that attics aren’t what they 
used to be. You used to be able to stand up, or at 
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least sit up, in most attics. This isn’t the case any- 
more, at least in most new residences. It can be pret- 
ty uncomfortable to be operating from a fully prone or 
supine position. 

Assume, however, that you have scoped out your 
attic and decided it's a potential location for a clan- 
destine radio operation after all. Attics are actually 
pretty good places to erect antennas, especially if you 
want to hide the fact that you have antennas, for any 
number of reasons. The number one reason is that 
you live in a neighborhood surrounded by many 
activists of all types, including Homeowners’ 
Association members in tin-foil hats who are 
absolutely certain that your Amateur Radio activities 
are causing harm to their cozy environment, 

Be that as it may, many hams have had very suc- 
cessful attic antennas, and they've been doing it for 
decades. It's a viable alternative in many, many 
locations. 

Where there's a will, there’s a way, which I suppose 
is a fair summary of this chapter. 


Beyond the Basics 

Sooner or later you will want to advance beyond the 
bare basics. This usually happens a while after your 
friends, relatives, and pets have resigned themselves 
to the fact that your ham shack is not going to go 
away. There are some nifty things you can do to real- 
ly personalize and customize your Amateur Radio 
space. We already mentioned European free-form 
bookshelves and fancy clocks. These are a good start. 

How about a neon sign right outside your station 
with your callsign blazing away for all to see? No! Do 
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not do this! Not only is it really tacky, but neon signs 
are horrendous sources of electrical noise. Instead, 
opt for something tasteful and electromagnetically 
compatible. You can build a nice, tasteful, old-school 
back-lit sign box to place over your door or on your 
desk. This is one place where “Ye Olde Dremel Moto- 
Tool” comes in handy. Draw your callsign in pencil on 
an 8-inch by 4-inch scrap of wood paneling. If you're 
really creative or vain, you can use Olde English 
script. Insert a small router bit into your Dremel. 
Carefully cut out the lettering with your router. Now 
doesn't that look spiffy? You still have to build the 
rest of the sign box, though, something on which to 
nail this masterpiece. You can do this with some 1/2- 
inch by 2-inch trimming strips. Build a rectangular 
frame with the strips so the outside dimension is 8 
inches by 4 inches. You can use beveled edges if 
you're really persnickety, or just use butted joints. 

Before you nail your cutout letters on this, though, 
we need to build a window. You can use “frosted” 
Plexiglas™ for this, but one thing that looks super 
cool is clear Plexiglas™ with dark-green cellophane 
behind it. You might also be able to get tinted 
Plexiglas™ from a hobby shop or model store, but 
it's sometimes a bit hard to get. Either way, the sign 
ends up with a classy English-library sort of feel. 
Just cut out an 8-inch by 4-inch square of 
Plexiglas™, coat the back of your cut-out sign with 
a thin layer of contact cement, and then press it 
hard against the Plexiglas™ for several minutes. 
When it’s all done, drill some holes around the 
perimeter and screw the whole thing onto the frame 
with some fancy brass screws. 
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Now we have to light the thing. The best way to do 
this is with a couple of fish-tank lamps, one at the top 
and one at the bottom. These long-profile lamps give 
you the even illumination you want for this. If you 
wire these in series, they will give you a nice dim 
glow, and they will run cooler so you won't need any 
vent holes. However, if you want a brighter sign, wire 
them in parallel, but in this case you probably will 
want a couple of vent which can let light leak out and 
spoil the overall effect, unless you're clever. Oh, that’s 
right, you are clever! 

If you want this as a desk accessory, put a back on 
this, of course, but if you're mounting it on the wall, 
you can skip that part. Leftover paneling works fine 
for a back. 

Now isn’t that a nice touch to your shack? It looks 
downright civilized, doesn't it? 


Ahh... A Speaker 

Probably the next thing you're going to want in 
your shack is a decent speaker. Back in the not-too- 
distant past, most ham rigs had fair-size external 
speakers, and most of them were pretty doggone 
good. Unfortunately, for the sake of compactness, 
portability, and all that, most modern radios have a 
sorry excuse for a speaker—a tiny, tinny little thing 
crammed into the cabinet wherever space could be 
found. Additionally, these little speakers are usually 
aimed at the ceiling or at your kneecaps. If you're 
like me, your ears are probably mounted on your 
head, which would seem to be a more logical gener- 
al direction in which to aim a speaker. But again, 
that’s just me. 
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In any case, a high-quality loudspeaker, correctly 
positioned, can make a world of difference when it 
comes to intelligibility and reducing listening fatigue. 
Our stations may look like they belong in Franken- 
stein’s lab, but they don't have to sound like it. 

There are a couple of schools of thought when it 
comes to ham radio loudspeakers. Some are of the 
opinion that a speaker should be optimized for voice 
frequencies only for best intelligibility, and therefore 
a high-fidelity audiophile speaker is actually counter- 
productive. This was, actually, the conventional wis- 
dom for many, many years. It certainly sounds logi- 
cal enough. However, my own personal experience 
(for whatever that’s worth), as well as that of a signif- 
icant number of hams, indicates that it’s never a dis- 
advantage to having a good, wide-range speaker. It’s 
certainly a lot more pleasant to listen to over a long 
period of time. 

In addition, most new radios already have excellent 
variable bandwidth filtering in them, so a “tuned” 
speaker is probably redundant. Also, most HF rigs 
have general-coverage receive capabilities these days, 
which means you'll occasionally be listening to short- 
wave broadcasters and such. Modern shortwave 
broadcast stations are really quite a joy to listen to, 
and there's a lot less jamming than there was back in 
the Cold War era. Shortwave radio is a good thing to 
have going in the ham shack while you're doing other 
things besides hamming (like writing this book!). 


Then the Amplifier... 
Since you have a nice high-fidelity speaker, you 
might as well have a nice amplifier to go with it. 
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Although most rigs can crank out a couple of watts 
into the external speaker jack, which is actually 
more than enough to blister the paint off the walls 
ina small shack, there's a real advantage to having 
a dedicated amplifier with several isolated audio 
input channels. This way you can run several 
radios into the thing without interaction between 
them. If you have a clean amplifier and speaker 
with very low audio intermodulation distortion, this 
works surprisingly well. There is no loss of intelligi- 
bility from any of the radios you might have running 
into your amp. 

If you want to get really tricky, you can set it up for 
stereo as well. This is a slick technique, especially for 
CW. What you do is put some low-frequency boost 
into the left speaker, and some high-frequency boost 
into the right speaker. As you tune across the CW 
station, not only does the pitch increase, but it also 
will appear to move from left to right across the room. 
Some CW operators claim this makes it easier to sep- 
arate stations without those annoying, ringing, nar- 
row CW filters. I'm not totally convinced on this point, 
but it’s worth experimenting. 


Make Your Operating Comfortable and Efficient! 

The more you operate, the more important 
ergonomics becomes. Some of us “properly-seasoned” 
hams remember having to waltz around the room to 
flip a half dozen switches to go from transmit to 
receive. This is not an efficient way to run a modern 
ham station. (Come to think of it, it might not be such 
a bad idea, after all. It was the only exercise some of 
us old geezers ever got!) 
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Be that as it may, it’s a good idea to think about 
station layout from a convenience and efficiency 
standpoint. Most contesters have the ergonomics 
thing down pretty well, so let’s take a few cues from 
them. 

Probably the worst thing you can have is a desktop 
that's too shallow. If you're a CW operator, you want to 
place the key or keyer well back from the edge of the 
desk so you can rest your elbow on the table. You can't 
do that if your desk is only a foot deep! Our European 
friends may take us to task on this point, as the 
“Continental Style” of straight-key usage requires a 
free-floating elbow. However, you should be able to 
scoot the key back, even if you don’t. And if you're a 
contester, you want a place to lay your head and sleep 
once in a while. Well, maybe not. At any rate, though, 
you don’t want your radios right under your nipples; 
you want them set back a comfortable distance. You 
want a desk deep enough to be able to put a writing 
pad and scribble on the bottom line with your elbow 
still on the table. Trust me on this one. 

Another good thing about a really deep desk is you 
can place a large map or other handy reference mate- 
rial and cover it with a plate of glass. This again gives 
your shack a rather civilized appearance, if that’s 
what you're shooting for. 

Another major ergonomic no-no is to place your 
main rig above table level. You must be able to twid- 
dle your VFO with your elbows on the table. If you 
have to reach up to tune your radio, you will regret it 
immediately, the first contest you ever work. It may 
take you a few minutes longer to regret it if you just 
occasionally ragchew. 
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If you have multiple radios, you have some hard 
decisions to make, especially if you have limited hor- 
izontal real estate. You may have to stand up to oper- 
ate some radios, but they can’t be your main ones. 
Linear amplifiers and antenna tuners can be a little 
more “out of reach" if you don’t do a lot of band 
changing. However, if you do a lot of band-hopping, 
you'd better find an ergonomically correct position for 
those items, too. 

You should think about lighting as_ well. 
Personally, I detest fluorescent lights; I prefer that 
politically incorrect incandescent glow. 

You don’t need your operating position lit up like 
Broadway anyway. I really like a little track lighting 
directly over my operating position so I can see my log 
book, but that’s about all the light I need. The dial 
lights on most old boatanchors usually gave you 
enough light to work “in the dark,” but modern LCD 
and LED displays and such don't. Well, they do, but 
the light they give off is the wrong color for a desk 
lamp, and besides, they all flicker. Some folks don't 
notice, but for some people (like me) the flicker is 
extremely evident and, frankly, rather nauseating. 
Therefore, a little ambient incandescent light helps 
fill in the flicker. 

If you're using any digital modes such as RTTY, 
PSK-31, AMTOR, Clover, or Hellschreiber, you're 
going to need a computer monitor of some sort. This 
presents a predicament, because the “desk level” 
ergonomic principle for your main radio also applies 
to computer screens. You do not want to be looking 
up at a computer monitor. Even worse, you don't 
want to be alternately looking up at your monitor and 
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down at your radio thirty times a minute. It’s really 
hard on the neck, and it looks funny, too. 

The second best solution is to have the computer 
monitor as close to the rig as humanly possible. With 
the newfangled flat screen monitors, you can place the 
thing right on top of your rig. It’s not perfect, but if you 
have a deep desk, as suggested earlier, the angle 
between your monitor and your rig will be minimal. 

The first, best solution is to have your monitor and 
your rig one and the same. This is known as a soflt- 
ware-defined radio (SDR), where all of your controls 
are actually right on the screen. This way you can put 
your “physical rig” wherever you want. 

Now you may be horrified to learn that this old 
geezer would even consider such an abomination. 
Yes, I must confess that buried amidst all my previ- 
ous-century boatanchors I have a software-defined 
radio, and I actually like it—at least for doing digital 
modes, (Just don’t tell anyone!) 

Most people who use a keyboard use it much too 
high. This is a good recipe for carpal tunnel syndrome, 
the malady formerly known as “Ritty-Wrist.” (Ritty was 
the old slang for RTTY, RadioTeleTypography). 

The correct place for a keyboard is just above and 
in front of your knees, and actually tilted slightly for- 
ward. Those high-falutin’ computer desks with the 
articulated keyboard platforms allow you to put your 
keyboard right there where it belongs. If you've been 
doing it wrong for the past 70 years, it feels really 
strange, but it takes no time at all for you to adapt. 
You can type all day with it like that. I write all my 
books that way, and my wrists are just as new as a 
baby’s bottom. Well, maybe not quite as cute. 
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Speaking of keyboards, did you know that the stan- 
dard “QWERTY” key layout was specifically designed 
to slow you down? Back in the dark ages, it was easy 
to type faster than the typewriter mechanisms could 
go, so you had a lot of things jamming up on you. 
There is no reason whatsoever, other than brain ruts, 
to continue with the QWERTY keyboard mapping 
these days. You can reassign the keys any way you 
want in software, and experiment with different key 
arrangements. Just a suggestion. 


Coffee Anyone? 

You're going to be spending a lot of time in your 
ham shack. You should make the stay as pleasant as 
humanly possible, both for you and your guests. Your 
shack should be more than just a place to do radio. 
There should be some actual exchange of ideas going 
on. No matter how small your shack might be, it sits 
on a big world. A big round world, by the way. Take 
advantage of it. 

We implied in Chapter 1 that coffee is an integral 
ingredient in Amateur Radio contesting, as well as 
general operating and Elmering. Coffee actually has 
many varied uses around the ham shack. Of course, 
its primary purpose is keeping you awake; this 
method comes in two forms: 

1. Drinking it. 
2. Accidentally spilling it on your lap. 

(Method 1 is first more long term, while Method 2 is 
more immediately effective. Both frequently are 
employed by most hams, however) 

There are less traditional uses for coffee, as well. 
Coffee makes a great writing fluid, when you've mis- 
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placed your pen or pencil. It’s a fairly effective adhe- 
sive, especially if you're one of those who anoints 
one’s brew with large quantities of sugar and cream. 
You can soak your logbook in coffee to give it that 
aged appearance. This is especially useful if you're a 
young whippersnapper and want to give the impres- 
sion that you've been in the hobby a long time. 

You can make a laser out of coffee (or even tea or 
wine). Of course, it’s not the most efficient laser in the 
universe, but it gives you something to experiment 
with when the propagation is in the toilet. 

The debate rages over which is preferable, having all 
your coffee-making/drinking paraphernalia in the 
shack or in the kitchen. Since the only exercise most 
hams get these days is commuting to the coffeepot, it's 
probably best to have it as far from the ham shack as 
feasible so as to make the trip as strenuous as 
humanly possible. Under no circumstances, however, 
must you have a convenient source of food in the ham 
shack. This is a heart attack waiting to happen. If you 
need further evidence, take a look around at your next 
Field Day outing. There's a good reason why they're 
called ham radio operators, not celery radio operators. 

Which reminds me; it's probably not a bad idea to 
have a set of defibrillators in your ham shack. Get an 
official AMA-approved defibrillator pack; the tradi- 
tional method of attaching a set of automotive jumper 
cables to the guy's nipples is now considered obso- 
lete. It's probably just as effective, but it leaves nasty 
marks. Under no circumstances do you want to use 
alternating current for this task. 

I suppose there's a lot more to be said about setting 
up your own ham station, but I believe we've covered 


the basics. Enjoy! 


CHAPTER 15 


First You Make it Work, 
Then You Make it Pretty 


A lot of new hams are susceptible to putting the 
cart before the hearse... err... horse. Your first 
“job” as a ham should be getting on the air and actu- 
ally communicating with someone and making a few 
mistakes in the process. 

If you are like most of the current breed of new 
hams, you have been assaulted with all kinds of con- 
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flicting and contradictory advice, with no clue as to 
how to sort all of it out. First of all, let me assure you, 
it's not your fault. For the past generation or so, we 
have been invaded by marauding armies. Oddly 
enough, these are not Barbarians, Vikings, or even 
Communists. No, they are far more despicable than all 
three combined. These frightening aliens come under 
the name of “professionals.” These are people who per- 
ceive their calling in life as doing your thinking for you. 
These compassionate souls want to take all the risk, 
uncertainty, and danger out of your life. In other 
words, they want to remove the fun from your life. 
They want to organize you, schedule you, and spoon- 
feed you regurgitated information. You're probably 
already getting enough of this from your job. The very 
last thing you need in your life is for ham radio to 
become another job. (Now ham radio may very well pre- 
pare you for a job, as we will discuss in detail in anoth- 
er chapter, but it should never become one.) 

Once you recognize these “professionals” for the 
true villains they are, your life will become so much 
simpler. Having an Elmer, as mentioned earlier, will 
go a long way toward keeping your sanity through 
your “ham infancy.” 

I have been licensed for going on 40 years, and I 
learn something new from ham radio every day. 
Nobody is a greater advocate of getting an education 
from ham radio than yours truly. However, that is a 
whole different thing than expecting to know it all 
before you get on the air! Yes, you certainly want to 
know enough to be legal; it's no fun getting a “QSL” 
card from the FCC your first day out of the chute, 
and you don’t want to be known as a complete lid, 
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even if you are officially legal. But none of these con- 
siderations should ever stop you from getting on the 
air, making a lot of contacts, and having fun. You've 
already worked too hard to get here to accept any- 
thing less. 

Throughout your ham radio career you're going to 
get some bad information; it's inevitable with any 
hobby of this magnitude. Unfortunately, some of this 
misinformation seems to take on a life of its own, 
reproducing itself with incredible efficiency on the 
Amateur bands. 

What we will do in this chapter is give you the basic 
tools to determine all by your very own self if what 
someone tells you is true or not when it comes to 
Amateur Radio “information.” If you pay close atten- 
tion, you will never be at the mercy of some “profes- 
sional’s” opinion. The nice thing about this is that it 
applies to the world outside of ham radio, too! 


Principle 1 
All information is subject to experimentation. 

It is truly staggering to hear many hams argue for 
years .. . or decades . . . about some pet Amateur 
Radio topic while never ever bothering to try out the 
thing and see. Amateur Radio is a scientific hobby, 
above all else. There are ways to prove or disprove 
electronics principles. Most controversies can be set- 
tled by a simple “let’s build it and see.” 


Principle 2 
The repetition of bad information does not make it 


good information, no matter how often the process 
is repeated. 


This would seem to need no further explanation, 
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but experience tells us this is not the case, Therefore, 
this statement bears repetition: The repetition of bad 
information does not make it good information, no mat- 
ter how often the process is repeated. Now that is 
something I can guarantee is good information! 
Remember it! (Feel free to repeat it as necessary. 


Principle 3 
Assume everything you hear is a lie. 

At first blush, this may seem to be the formula for 
cynicism. Actually, it’s the formula for progress. All 
increase in knowledge occurs when things “everyone 
knows” are questioned. The beauty of this is that 
experimentation usually proves Principle 3 to be the 
case. Of course, you should be open-minded enough 
to admit when some past truth actually does turn out 


to be true. 


Principle 4 
No information at all is usually better than the 
wrong information. 

This one bears a bit of dissertation, with a real- 
world example. 

In the early days of radio, very few Amateurs had 
any decent test equipment. Usually the only indica- 
tion that their station was working at all was the fact 
that they were talking to someone across the country, 
or on the other side of the globe. Modern hams could 
probably take a cue from this. To paraphrase: “If it 
ain't broke, don't fix it.” The fact of the matter was 
that thousands of hams successfully talked around 
the world for decades without really having a clue 
what they were doing. “Whatever Works” was the 
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order of the day. It wasn't always pretty, but nobody 
cared. Radio communication was random, unpre- 
dictable, unfathomable, and totally wonderful for 
precisely those reasons. 

Antennas were probably the least understood part 
of any ham shack. They generally consisted of what- 
ever pieces of wire one could put up in the air, 
Coaxial cable hadn't even been invented, or even 
remotely thought of. In fact, most hams didn't use 
transmission lines at all, and if they did, it usually 
consisted of open-wire feed line of any convenient 
spacing. Antenna theory as we know it didn’t exist. 
Some cutting-edge hams had a vague idea of this 
thing called resonance, but didn’t really know how to 
implement it . . . and yet they worked the world. 

Nowadays the situation is pretty much reversed. A 
typical newly licensed ham has more sophisticated 
radios and test equipment at his fingertips than the 
National Bureau of Standards had in the 1950s, and 
yet can’t manage to get a signal out of his basement. 
What has gone wrong? 

Basically, what has gone wrong is that we now have 
all the correct answers to the wrong questions! For 
example, most new hams are absolutely obsessed 
with this thing called SWR (or VSWR). If you haven't 
heard of it, trust me, you will. SWR only became an 
issue when coax cable became commonplace, and 
yes, there is a certain importance to having a reason- 
ably low SWR when using coaxial transmission lines, 
but for entirely different reasons than normally cited. 
Before coax cable became fairly universal, most hams 
had no way of even measuring SWR, even if any of 
them even had a reason to care—which they didn't. 
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Even if they did, in many cases a low SWR would 
have been highly undesirable! 

SWR is like Radon gas. It's just something to worry 
about while other people are accomplishing things. 


Principle 5 
You are a lot smarter than you think. 

Never be intimidated by “professionals” or experts. 
They weren't born that way. All they really can do is 
give you reasons why what you're doing can’t possi- 
bly work. 

Make it work. Then, and only then, if you find it 
absolutely necessary to please some perceived expert 
make it pretty. 


CHAPTER 16 
Fixing Things 


I suppose this chapter is really just an extension of 
Chapter 9, “How to do Stuff,” with a slightly different 
angle. In that chapter we emphasized that any ham 
can and should become technically competent. Here 
we're going to be a bit more specific, applying a few 
principles of electronics to the fine art of trou- 
bleshooting. We'll also touch a bit on circuit design. 

I've done a lot of electronics troubleshooting in my 
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life—an aw/ul lot, as a matter of fact. Also, I've tried 
to teach a lot of hams how to do it, too, Some get it, 
and some just don't. 

After a lot of observation and varying degrees of 
success, I've come to one very profound conclusion, a 
very simple conclusion, but a rather profound one, 
one which I will prove to you in this chapter. It really 
comes down to one simple issue: 

People who believe Ohm's law can troubleshoot. 
People who don’t, can't. It’s really as simple as that. 

I will approach the remainder of this chapter from 
this angle, with some rather revealing laboratory 
experiments you can do right in your own home after 
you get some basic test gear. 

One can never have too much test equipment 
around the shack, but there are a few items that you 
should make a special effort to accumulate before 
you get too far down the road. You're going to need a 
good multimeter, something that can measure AC 
volts, DC volts, amperes, and ohms. Digital multime- 
ters, generically known as DVMs, are quite good and 
inexpensive these days, but don't overlook old-school 
technology. One extremely useful instrument to have 
around, especially if you work on boatanchors, is a 
VTVM, or vacuum-tube voltmeter. These are extreme- 
ly high-impedance meters that won't load down the 
circuit you're trying to measure. I have a trusty, 
ancient RCA volt-ohmyst, which has a huge, easy-to- 
read analog scale. These are getting pretty hard to 
find, but well worth the search. 

I cannot emphasize strongly enough the importance 
of having available analog meters in addition to digi- 
tal meters. Much of what you do in radio design and 
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repair will involve looking for peaks or dips in various 
voltages or currents as you make adjustments, and 
sometimes having to do it very quickly. Looking at a 
rapidly changing digital display for a maximum or 
minimum value is a lot harder than it might seem. 
Fortunately, most high-quality DVMs have an ana- 
log-like bar-graph display in addition to the numeri- 
cal readout. If you do purchase a DVM, be absolute- 
ly sure it has a bar-graph display. In all likelihood, 
this will be far more important to you than the 
extreme accuracy of the digital display. 

Get the highest quality probes you can, preferably 
super-flexible ones with silicone rubber insulation. 
Nothing is more obnoxious than having to deal with 
cheap, self-kinking meter probes while you're using 
two hands, a left foot, and your mouth to work ona 
complex piece of electronics. Unfortunately, some 
manufacturers of otherwise excellent multimeters 
throw in really cheap probes. Get good probes before 
you walk out the door. It’s well worth the extra few 
bucks. You'll be glad you did. 

You will want a good DC bench supply. The best 
electronics won't work worth diddly-squat without 
some electricity. Actually, you can never have too 
many power supplies, but at the very least, you want 
a good, stiff+12V supply for general troubleshooting. 
If you do any design work, you also will want an 
adjustable bi-polar supply that will give you positive 
and negative voltages from O to about 15. Actually, 
this is a good do-it-yourself project, if you can’t find 
an affordable one. 

You are also going to want an assortment of resis- 
tors and a bunch of insulated alligator clip leads. 
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The first order of business is to demonstrate Ohm's 
Law. Notice that the word demonstrate starts with 
demon. I suppose this explains why so few people 
actually like the lab part of science class, whether it’s 
chemistry, physics, electronics, or cooking. There is 
that ever-nagging pressure to produce actual results. 
However, never fear, as we will exorcise those demons 
of ignorance in just three easy payments. 

Well, I supposed it’s time for another mathematical 


formula. 
E=IxR 


That is Ohm's Law in all its glory. All it says is that 
the voltage (E) across any circuit component is equal 
to the current (I) through that component times the 
resistance (R) of that component. 

Now R can be an actual resistor (as we will use for 
our demonstration) or any device that has electrical 
resistance—a light bulb, a motor, a heater, an electric 
chair. 

Now let's put together a few components and see if 
Mr, Ohm was all wet. For this you will need a 12 VDC 
power supply, a multimeter, a resistor, and a few clip 
leads. 

The first order of business is to actually measure 
the output voltage of the power supply. Sure, it says 
12 volts on the label, but we never want to take any- 
thing for granted. The number one rule in electronics 
is never trust anyone (except for Mr. Ohm, that is). 

This task should be self-explanatory, but if this is 
the first time you've ever had a piece of electronics 
test equipment in your sweaty little hands, it’s worth 
explaining. 
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If you're using a DVM, switch the function knob to 
DC volts. Sometimes this is indicated by a short, 
straight line with a dashed one above it, or it may 
actually say DC volts or something equally informa- 
tive. Turn on the power supply. Touch one probe to 
the negative output terminal of the power supply and 
the second probe to the positive terminal. Your DVM 
will indicate a DC voltage and an indication of polar- 
ity. If you can do this competently, you're on your 
way to becoming an electronics whiz. 

Let’s say you're reading an actual 12 volts. Write 
down that number. It is your “E” in the equation. Now 
rummage through your pile of resistors and find one 
that has a brown stripe, a black stripe, and a brown 
stripe. Always read the stripes starting with the one 
closest to one end of the resistor. Of course, in this 
case, it doesn’t matter which way you read it. This is 
a 100-ohm resistor. That's what the color code tells 
us. However, don’t take anyone's word for it. Measure 
it yourself. You have a multimeter, don't you? 

Do it like this: Switch your multimeter to the OHMS 
position. Most likely, it will have the upside-down 
horseshoe (omega) symbol (or right side up, depend- 
ing on how lucky the horse is). Now touch together 
the ends of your probes. Your meter should read 00.0 
ohms. If it doesn’t, something's amiss. Analog meters 
will always have a zero adjust knob, while DVMs do 
this automatically. In any case, you should be read- 
ing 00.0 ohms with your probes shorted. Always do 
this test before measuring resistance. 

Now touch one probe to each end of the resistor in 
question. It should read somewhere around 100 
ohms. If your resistor reads anywhere between 80 
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and 120 ohms, it’s a perfectly good 100-ohm resistor, 
unless you have a fourth stripe on the thing. 

“Say what?!” you exclaim incredulously. “Anything 
between 80 and 120 ohms is good?” 

Yes, this is normal tolerance for a 20% resistor (one 
with no fourth stripe). If there is a fourth stripe and 
that stripe is silver, it has to be within plus or minus 
10%. If it has a gold fourth stripe, it has to be within 
plus or minus 5%. 

Now here’s a revealing morsel of information: 
Almost any piece of radio gear you encounter will 
work with any of its resistors within 20% of nominal! 
It won't necessarily work great, but for 99% of any- 
thing on which you'll be working 20% tolerance is 
good enough. The only equipment you're likely to run 
across that has precision resistors in it (i.e., 1% tol- 
erance or less) is the DVM in your hands. 
Measurement equipment has to be a lot better than 
anything you're measuring, obviously enough. 

At any rate, whatever your resistor actually meas- 
ures, write that down. This is your “R” in the formu- 
la. Now all that we need to do to verify Mr. Ohm's san- 
ity is to measure the current through the resistor. The 
key word here is through, which should clue you in as 
to how to connect your meter. Your clip leads will 
come in handy at this point. You will want to connect 
your multimeter in series with the power supply and 
your 100-ohm resistor. In other words, the current 
has to flow out of one terminal of your power supply, 
through the resistor, through the meter, and back 
into the other terminal of the power supply. Use your 
clip leads to wire up this daisy chain of components. 
(It's best to do the connections with the power supply 
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off, because you might have to switch through ohms 
on your meter to get to amperes. Your multimeter will 
not be amused if you have it in the ohms position 
with a voltage source applied to it. Fortunately, most 
modern DVMs are pretty well protected against this 
sort of abuse, but don’t count on it. 

When you have everything clipped together, switch 
your meter to amperes, most likely designated with a 
capital “A,” and turn on the power supply. Your 
ammeter should read somewhere around .012 amos 
(Or 12 milliamps). This is the “I” in our equation. Now 
if you multiply .012 times 100 (“R"), we come to 12 
volts, our “E.” Oooh! Are we impressed yet? 

Actually, you should be. because Ohm's Law is on 
of those few things in life that never changes. It is 
immune to the whims of the IRS or Madison Avenue. 
It always works. I recommend repeating this experi- 
ment with many different values of resistors and dif- 
ferent voltages to prove it to yourself. Allow the mean- 
ing of Ohm's Law to sink into your soul, to marinate 
your cerebral cortex. Ohm's Law is your friend— 
indeed, your lover. It is a three-letter poem, the por- 
tal to all electronics knowledge. 

After you have dismounted your cloud of blissful 
revelation, it may occur to you that not every elec- 
tronic circuit is as simple as a resistor. Indeed, you 
are right. Most radio circuits have the equivalent of 
many—or many, many—resistances connected in 
various combinations. 

Since we now know what a series circuit is, let's 
talk about the simplest-to-analyze combinational cir- 
cuit—two resistors in series. Rummage through your 
pile of resistors again and choose two more. They 
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don't have to be the same value. Okay, now measure 
each one’s resistance and write it down. 

Now let's wire them in series. Take a clip lead and 
connect together one end of each resistor, leaving the 
free ends of the two resistors flapping out in space. 
Switch your multimeter to ohms and measure 
between the two free ends of the resistors. This 
should equal the sum of the two individual resistors. 
It does? Oooh! Are we impressed again? 

Let’s get wild and jiggy and wire three resistors in 
series. What do you think the total resistance will be? 
By golly, it's still the sum of each of the individual 
resistances. The possibilities are endless! 

Before we get too proud of ourselves, let’s throw a 
little kink in the works. Let’s find a 100-ohm resistor 
and a 200-ohm resistor and wire them in parallel 
stead. The simplest way to do this is to place the 
two resistors next to each other and twist their leads 
together at each end. This is a great mnemonic 
device, because the only way you can do this is if the 
resistors are... uh... parallel to each other. Pretty 
tricky, eh? 

What do you predict the total resistance of our pair 
of parallel resistors is? 300 ohms? 

BUZZ! You lose! Measure it yourself and see! 

Hmmm. Things are a bit more interesting now, 
aren't they? How on God’s Green Earth do you 
explain the reading you're getting? 

To answer this we have to look at the reciprocal of 
resistance, and that is a value known as conductance. 
Conductance is simply the value of 1 divided by the 
resistance. The unit of conductance, not too surpris- 
ingly, is the mho, which is ohm spelled backwards. 
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No, this is not a joke. However, the mho has been 
renamed the Siemens in recent years, so you don't 
hear of a mho too often. However, if you have a tube 
tester, you will see a label “micro-mhos" on the scale, 
which is a unit of mutual conductance, a measure of 
a tube'’s general “goodness.” 

The mho is actually a very useful concept, and the 
sooner you become familiar with it, the easier your 
life will be. In fact, being the optimistic, cheery sort of 
person I am, I actually prefer the concept of a mho, 
which is a measure of how good a conductor is, as 
opposed to an ohm, which is a measure of how bad « 
conductor is. 

The preceding may lead us to believe that Mr. Ohm 
might have been a melancholy sort of fellow to have 
his name associated with how lousy a conductor 
something is. Be that as it may, two conductors (or 
inverse resistors) in parallel have more “goodness” of 
conductivity than one resistor (or inverse resistor) all 
by itself, because there are now two parallel paths in 
which electric current flows. 

When we look at the resistors as conductors, the 
problem becomes much simpler, because we can now 
just add their conductances. 

The conductance of a 200-ohm resistor is 1/200, 
which is .005 mhos. The conductance of a 100-ohm 
resistor is 1/100, which is .01 mhos. Added together, 
their conductance is .0015 mhos, Therefore, our two 
parallel resistors actually give us a single .015-mho 
conductor. Hmmm. Well, this is all fine and dandy, 
but Ohm's Law sort of likes resistances better than 
conductances. No biggie. We just take the reciprocal 
of our total conductance to get us back to ohms. 
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1/.015 mhos gives us 66.6 ohms. Is that what you 
measured? Amazing! Reward yourself with a cookie. 

Now just as we can calculate any number of resistors 
in series, we can calculate any number of resistors in 
parallel. Just measure each resistance and take the 
reciprocal of those to give you your conductances. Add 
the conductances. Then take the reciprocal of the 
whole thing to get the total resistance. Voila. Nothing 
to it. Well, a little to it, perhaps, but not much! 

Are you feeling competent yet? Okay, here’s a test. 
Take three unequal-value resistors, string them in 
parallel, and predict how much current they will 
draw based on Ohm's Law. If you can do this and 
come out within 20%, you win! 

Here's a little rule-of-big-toe that comes in real 
handy with two parallel resistors. If you have two 
parallel resistors, and one of the resistors has a 
value that is ten times or greater than the other 
resistance, you can just toss out the higher value 
resistance! For example, a 10-ohm resistor in paral- 
lel with a 100-ohm resistor is still a 10-ohm resistor 
for all practical purposes. I've used this rule count- 
less times in troubleshooting just to simplify things. 
It's also a good thing to know when choosing a test 
instrument. The input impedance (resistance) of any 
piece of test equipment should be at least ten times 
the resistance of any circuit you're measuring so that 
the loading effect of the test instrument can pretty 
much be ignored. 


O, Silly Scope 
Sooner or later, you're going to want an oscilloscope 
in your ham shack. Having an oscilloscope in your 


The Opus of Amateur Radio Knowledge and Lore 185 


ham shack is like walking into an operating room 
with a stethoscope around your neck. Even if you 
don't have a clue what it does, it makes you look 
qualified for something. 

Oscilloscopes always look cool, and it seems the 
older and less useful they are, the cooler they look. 
Every B-grade science-fiction movie ever made had 
an oscilloscope in it loaded with lots of knobs that 
didn't seem to do anything. An oscilloscope was the 
traditional busy-box for mad scientists. 

Making the transition from mad scientist to compe- 
tent electronics troubleshooter isn’t as hard as i 
seems, and it’s well worth the effort. 

An oscilloscope is nothing more than a graph the 
shows the relationship between two things that 
change. Most often those two things are voltage and 
time. A voltmeter is most useful for measuring things 
that stay put, while an oscilloscope is most useful for 
measuring things that move around a lot. You can 
also use an oscilloscope for things that don’t move 
around, but it’s usually a bit of overkill for that, 
unless you already need a ‘scope for looking at things 
that do move around anyway. 

Now in order to get those moving-around voltages 
from your patient on the operating table—err . 
workbench—into your cool-looking oscilloscope, you 
need a thing called a probe. Like your voltmeter, this 
is one item for which you don't want to skimp. Get 
the best scope probes you can afford. You'll want at 
least two of them: one a direct 1:1 probe, and the 
other a compensated 10:1 probe. 

If you have an oscilloscope that was manufactured 
sometime after the Baroque era, it probably has 
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usable triggering as well as fairly decent time and 
amplitude calibration, but don’t count on it. 

Unless you're made of money, most likely your first 
oscilloscope will be a vintage product containing a 
fair number of vacuum tubes in addition to the main 
cathode ray tube display. It will weigh somewhat 
more than a 1956 Thunderbird, but slightly less than 
a Buick Roadmaster of the same year. Fortunately, 
these usually come on a cart with “wheels,” which 
were another invention that came along a few years 
later as a product enhancement. 

After you bring your “new” oscilloscope into your 
shack, you will want to turn it on and let it warm up 
and stabilize, a process that can take anywhere from 
a half hour to a week. While this is happening, you can 
twiddle with all the knobs to see what they do and 
work the mad scientist out of your system. There's 
only one way you can hurt the thing, and that is if you 
leave a high-intensity stationary spot on the screen. If 
you see anything that resembles a horizontal line on 
your screen, this is a pretty encouraging sign. Just be 
sure to use the minimum intensity necessary to see 
what you want to see; your CRT will thank you. 

Your oscilloscope quite likely will have a thing 
called a probe calibrator, which is actually a pretty 
useful overall oscilloscope checker-outer. Plug your 
direct probe into the vertical amplifier channel, or if 
you're lucky enough to have a dual-trace scope, into 
the Channel A port. Hang your probe tip on the DC 
calibrator widget. This can be either a tiny hoop affair 
poking out the front of the scope or something that 
looks like a towel bar for a hamster's lavatory. You 
should see a square wave on your screen with a fre- 
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quency of about 1 kHz, and typically 1-volt peak-to- 
peak. You may have to kapiddle with the sweep speed 
and the triggering to see a stable pattern. Adjust your 
vertical gain for full-scale deflection. The amplitude 
should correspond somewhat with the gain settings 
you expect. If not, tweak the fine amplitude gain con- 
trols. Hopefully, your square wave actually looks 
square. If all looks reasonable, do the same test with 
your 10:1 probe. Your amplitude should now be 1/10 
of what it was with the straight probe. However, you 
quite likely may see that the square wave is not real 
ly square; it may have rounded leading edges or bi 
spikes on the edges. You will need to adjust the scope 
compensation. Different probes have different means 
of doing this. Tektronix probes, for instance, cleverly 
incorporate the compensation adjuster thingamajig 
into the probe handle. You loosen a knurled ring, 
screw the tip in or out to achieve a nice square wave, 
and then tighten the knurled ring. Other probes have 
a small box at the connector where it plugs into the 
scope with a little capacitor you tweak with an insu- 
lated tweaker. In any case, your goal is to tweak the 
tweaker until you have a square-looking square 
wave, no spikes or rounded corners. This may seem 
like a trivial exercise, but it becomes rather important 
as you start looking at dig- 
ital circuits and such. 
Well, now that you have 
a fully functional oscillo- Beware of high 
scope, just what do you do voltage... 
with it? Probably the very 
first thing you should do 
is learn what a sine wave 
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looks like. It's important to know what a sine wave 
looks like, because one of the most common indica- 
tions that something is wrong with an electronic 
device is that it changes a sine wave into something 
that’s not a sine wave. In fact, about 90% of what 
you do in Amateur Radio involves making big sine 
waves out of little sine waves. Therefore, it’s a good 
idea to know what a sine wave looks like in the first 
place, so you know if the device that’s supposed to 
be making big sine waves out of little sine waves is 
doing it correctly. 

Not only should you know what a sine wave looks 
like, you should know what a sine wave sounds like. 
You can do a lot of troubleshooting with just your 
ears. You easily can tell if an audio amplifier is put- 
ting out something other than a sine wave, because it 
sounds very—uh... err... , un-sine-wavy. It prob- 
ably goes without saying, then, that it’s a good idea to 
have something that creates actual sine waves so you 
can train your eyes and ears to recognize the “Real 
McCoy.” That would be my next suggestion for 
required troubleshooting equipment, in fact. You 
should have a good signal generator, something that 
creates both genuine sine waves and things that 
aren't sine waves. In fact, there is just such a device, 
and you can actually build 


called a function generator. 
A function generator will 
give you a sine wave, as 
well as a couple of things 
that aren't sine waves, 
namely triangle waves and 
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square waves. Interestingly, the function generator 
starts out with a square wave and uses a process 
called integration to give you a triangle wave and even 
more filtering to give you a sine wave. It’s a really 
handy thing to have around the shack for general 
troubleshooting. It's also a great tool for learning how 
to use your oscilloscope. 

Once in a while you actually want some device to 
change a sine wave into something that’s not a sine 
wave. Devices such as limiters, comparators, Schmitt 
Triggers, and such fall into this category. These ars 
all known as non-linear devices, a category that als 
includes anything that’s digital. Having a dual-trac 
oscilloscope is really handy for working with these 
devices, because you can observe when and how the 
device in question is changing your sine wave into 
something that’s not a sine wave. Dual-trace oscillo- 
scopes are the best way of looking at two things hap- 
pening at once, especially when one thing that’s hap- 
pening depends on another thing that’s happening, 
Every make of dual-trace scopes has its little quirks 
of operation, and we don't have the time to go into all 
of the details here. It's best to do a lot of experimen- 
tation; it helps corrosion from setting in all those 
knobs and switches anyway. 

Another handy oscillo- 
scope feature, not for the 
faint-of-heart, however, is 
what's known as delayed- 
sweep, or alternatively, 
dual-time-base. This is 
used when you're looking 
at intermittent or non- 


You just weren’t 


meant... 
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repetitive waveforms. It can be a real trick to learn 
how to use this function but it's well worth your time, 
especially when you start working with digital coun- 
ters and such. Again, this is very non-standardized 
among manufacturers; they can’t even agree on what 
to call the function! There are numerous delayed- 
sweep and dual-time-base modes, and the only way 
to learn them is to work with them. 


Fun and Unusual Things 
To Do with Your Oscilloscope 

All work and no play can make Elrod a dull boy. An 
oscilloscope can keep you entertained in the shack 
when the bands are dead. Most dual-trace oscillo- 
scopes have what's called an “X-Y mode.” In this mode 
the internal time base (sweep) is disabled, and one 
channel is converted into a horizontal deflection chan- 
nel. If you have two signal generators, you can create 
circles, figure-eights, and all kinds of interesting, 
loopy shapes. These are known as Lissajous patterns. 
If you ever watched the old “Outer Limits” series on 
your black and white TV, you saw Lissajous patterns 
when the creepy-sounding announcer intoned, “Do 
not adjust your television set.” (Being the sort of non- 
compliant lad I was, I readjusted my television set any- 
way, just for spite). 

Now if you want to get 
even trickier, you can cre- 
ate a clock, characters, or 
even pictures on your oscil- 
loscope screen with the X-Y 
mode, or you can go all the 
way and make a television 


For electrical 


conduction... 
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out of your oscilloscope if your ’scope happens to 
have a “Z-axis” input, usually cleverly hidden on the 
back of the cabinet. The first time I saw a green CRT 
TV, not only I was impressed with the cleverness of 
it all, but I was even more impressed with the 
amount of spare time the creator thereof had at his 
disposal. (Not only did this guy have live video on his 
‘scope, but with a single knob he could rotate the 
image any amount he wanted, or even flip it over 
This was long before anyone I knew had anythin 
resembling a computer). 

After you're done playing, you actually can do 
something useful with your X-Y mode. You can build 
a spectrum analyzer, for example. Back in the 
ancient of days, these were known as Panoramic 
Adaptors, or panadaptors for short. These were sim- 
ple swept-frequency receivers that gave you voltage 
amplitude versus frequency display. To implement 
this you'd simply apply your frequency sweep voltage 
to the X axis and the output voltage (after the detec- 
tor) to the Y axis. With modern direct-conversion 
receiver techniques, you can really make a snazzy 
spectrum analyzer at about 1% of the cost of a com- 
mercial unit, although perhaps not as accurate. 

With the advent of the internet and eBay, the 
availability of inexpensive, 
used test equipment has 
never been greater. Of 
course, as with anything 
else, it's buyer beware. 
However, with the sage 
advice of a local Elmer, you 
should be able to steer 
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clear of the genuine rip-off artists and equip your test 
bench quite nicely. If you're really clever, you can 
make your test equipment pay for itself in short 
order. The old, local radio repair shop no longer 
exists, but people still need things fixed. Your home 
electronics shop can help fill the void. It’s great for 
public relations, too. 


CHAPTER 17 
Bent Radio 


Radio would be a lot simpler if the Earth was flat. 
Actually, a lot of things would be simpler if the Earth 
was flat. In fact, if you look back in history to when it 
was thought that the Earth actually was flat, it’s 
pretty clear that life was a lot simpler for all involved. 

Alas, Christopher Columbus and his henchmen 
had to really mess things up, especially for us Radio 
Amateurs. The biggest problem with Mr. Columbus's 
invention of a round Earth is that radio waves are 
still flat. Mr. Columbus, in one glaring oversight, 
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totally failed to take this into account. Five-hundred 
years later, we are left to deal with the fallout of Mr. 
Columbus's ill-conceived adventure. 

To be perfectly accurate, radio waves aren't really 
flat, but they do travel in straight lines unless they 
find a truly compelling reason to do otherwise. The fact 
that there are Radio Amateurs on the wrong side of a 
round Earth is generally not a compelling enough rea- 
son, in and of itself, for radio waves to make the effort. 

Lacking additional incentive, the farthest a radio 
wave will travel is to the horizon, another unfortu- 
nate side-effect of Mr. Columbus’s “new and 
improved" round Earth. For a neck-height wire 
antenna the horizon is about nine miles. In reality, 
the “radio horizon” is about 30% farther than the vis- 
ible horizon. We usually use the “four-thirds Earth” 
rule-of-thumb for radio-horizon distance. Calculate 
the geometrical horizon using an Earth that is four- 
thirds as big as its actual diameter, and you come 
pretty close. Now if you have two Radio Amateurs on 
opposite sides of the radio horizon with neck-height 
antennas, you actually can communicate a little 
under 18 miles—not quite as grim a picture, but cer- 
tainly nothing to write home about. 

Now it’s no big mystery that the higher you go, the 
farther the horizon is. If you want to talk farther, you 
just raise your antennas above neck height. That's 
the good news. The really bad news is how quickly 
you reach the point of diminishing returns by mak- 
ing your antennas higher. The radio horizon only 
increases as the square root of the antenna height. 
Look at it like this: Going from moose-neck height to 
giraffe-neck height gains you a lot. Going from 
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giraffe-neck height to Empire-State-Building height 
gains you almost nothing! 

What, oh what is a round-Earth-bound ham to do 
other than to have no friends more than 18 miles 
away’? 

There are actually two main approaches to this prob- 
lem. The first is to use the round-Earth itself to bend 
the radio waves. There is sort of an ironic poetic jus- 
tice in this method. It’s really “sticking it to The Man,” 
The Man being, of course, Christopher Columbus. 


The Travel of Radio Waves 

So far, all of our previous discussion of radio-wave 
propagation has involved propagation through a vac- 
uum, or through air, which, as far as radio is con- 
cerned, is about the same thing. 

Radio waves traveling through, or in contact with, 
something other than free space behave differently. 
When a radio wave travels through a solid material 
such as dirt, it slows down a little bit. (It also loses 
some energy due to heating loss, but we can ignore 
that for now.) The important thing to know is that a 
radio wave passing through dirt moves a little more 
slowly than a radio wave passing through air. This is 
not too hard to grasp. 

However, what happens if part of a radio wave trav- 
els through dirt and part of it travels through air? 
Things get very interesting. The best way I know to 
demonstrate this is with a Slinky®. I trust you have 
a Slinky lying around someplace, even if it’s one of 
those abominable plastic ones (okay, I grew up with 
the ones that were not plastic.) it will work. 

If you were to place the Slinky on a flat surface and 
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stretch it out a bit, the outline of that Slinky will be a 
perfect sine wave. (This is the geometric projection of 
a helix onto a plane, for you geometry whizzes.) Now 
let's pinch the bottom of the coil together so that each 
lower-wave peak is slightly closer together than the 
upper-wave peaks, What does the Slinky do? It bends 
toward the closer-together peaks. It has no choice, 
unless you allow the Slinky to break. Radio waves 
must be continuous; nature will not allow you to have 
a broken radio wave. The radio wave must bend 
toward the “slower” direction portion of itself. Voila, a 
curved radio wave! 

This curved radio wave in contact with the Earth's 
surface is called a ground wave, for pretty obvious 
reasons. Ground waves are really only practical for 
lower radio frequencies, such as the AM broadcast 
band and lower. The heat losses we mentioned a few 
paragraphs back increase with increasing frequency. 
Above a couple of megahertz, ground waves do little 
more than heat up the dirt. However, at lower fre- 
quencies they are the dominant mode for worldwide 
radio communications, and they really work great 
when there is sea water on the Earth. 

Take that, Mr. Columbus! 

In fact, for many decades ground-wave (or sea-sur- 
face) propagation was the primary means of over-the- 
horizon radio communications. 500 ke was the inter- 
national maritime distress frequency until very recent- 
ly, having served its purpose well for about 100 years. 
(It was the frequency used on the Titanic. The fact that 
nobody heeded the radioman’s warning has nothing to 
do with the effectiveness of the radios or the propaga- 
tion). I've talked to a few old-time radio officers, and 
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they say that 500 ke was like an international party 
line of telegraph operators—nearly 100% reliable com- 
munications over most of the Earth. 

The main problem with communications at low fre- 
quencies, at least as far as hams are concerned, is 
that antennas are necessarily large. The lowest fre- 
quency Amateur band is 160 meters, which is really 
at the upper edge of where ground-wave communica- 
tions are possible. A good deal of your efforts to make 
a 160-meter ground-wave antenna will serve little but 
to heat up earthworms. 


Bouncing Signals Off the Ionosphere 

Fortunately, there’s another approach to over-the- 
horizon communications, which is actually the pri- 
mary means for most long-distance Amateur Radio 
communications. We can bounce signals off the iono- 
sphere. Actually, bouncing isn’t a very accurate 
description; it’s a bending process quite like our 
ground wave. 

The ionosphere is much like many of the other 
spheres that circle the Earth, such as the atmos- 
phere, troposphere, mesosphere, and such. They're 
all, well, spherical . . . sort of. 

This makes one wonder what people called the 
atmosphere back before Columbus, when the Earth 
was flat. The “Atmostlat"? 

In any case, the Earth is surrounded by varying 
gases of different densities and pressures. The vast, 
vast, majority of these gas molecules are neutrals. 
They have no electrical charge and have no effect 
whatsoever on radio signals. Remember our chapter 
“Electrons: The Tools of the Trade”? We said that in 
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all things electronic, it's really the electrons that do 
all the work, and they really can’t do much if they're 
tied to molecules or atoms, other than keep the mol- 
ecules or atoms company. Neutral gases are pretty 
invisible to radio waves; there’s really nothing in 
them to even respond to radio waves. 

Starting at an altitude of about 90 kilometers, how- 
ever, a tiny number of these atoms can get their elec- 
trons slapped off their carcasses, which then become 
free electrons—or at least fairly cheap ones. The main 
electron-slapping ingredient is ultraviolet radiation 
from the Sun, and you don’t have to be a rocket sci- 
entist to conclude that probably much more electron- 
slapping happens during the day than at night. 

Precisely how many of these electrons get slapped 
off their host atoms determines how much stuff we 
have to bounce radio signals off. Now a whole lot of 
interesting things happen when electron-slapping 
happens, all of which falls into the field of plasma 
physics. Although I worked in the field for many 
years, I'll avoid the temptation to deliver a course on 
plasma physics in this chapter. You can get a much 
more entertaining introduction to that branch of sci- 
ence by reading my novel Plasma Dreams(a shame- 
less commercial plug here). 

One of the interesting things that happen is that 
these slap-happy electrons tend to organize in layers 
of sort, and begin to exhibit collective behavior, much 
like your local Teamsters Union, except they never ask 
for overtime. That’s why they're called free electrons. 

The atoms that get their electrons slapped off them 
are called ions. Ions also exhibit a collective behavior, 
which is why we call that collection of ions the iono- 
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sphere. These ions generally don’t affect radio signals 
directly, but they do give a certain sense of direction to 
the free electrons. Without the remaining ions, the free 
electrons would flail off in every direction, because 
they are, being like-charged, mutually repelled. 

Perhaps you're asking why the ions don't go wan- 
dering off merrily as well, since they also are now 
mutually repulsive. Well they do, but very slowly. 
Even though they have the same magnitude of charge 
as their off-slapped electrons, they have thousands of 
times the mass! Therefore, although the ions wil 
gradually drift apart (diffuse), in most regards they 
will act mechanically like any other gas. In fact, you 
actually have weather-like phenomena happening in 
the ionosphere, just like in the atmosphere. Well not 
just like, but you do have recognizable patterns of 
movement and such ways up there. 

Thus, the end result is that we have this big, slug- 
gish ionosphere keeping free electrons on a very long 
leash. The result of all this couldn’t work better for 
radio propagation if it were intentionally planned. 
(Actually, I'm one of those folks who sincerely believe 
the ionosphere was specifically created for bouncing 
radio signals off of it, just like believing that trees were 
created as antenna supports. But that’s just me.) 

No, there's an interesting little item called the elec- 
tron density profile. It's sort of a perverted bell curve 
kind of thing lying on its side. You can see this as a 
black line on many ionograms available online. (I use 
the HAARP ionosonde, which shows conditions valid 
for most of Alaska [www.haarp.alaska.edu].) You can 
find a nearby ionosonde by looking at the Lowell 
Digisonde site map. 
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What the electron-density profile shows you is the 
relative number of free electrons at any altitude from 
about fifty kilometers to about six-hundred kilome- 
ters. This is the best indication of how good the sky 
is going to be at reflecting radio signals at any partic- 
ular time. Why the funny curve and not just a 
straight line? Good question. We actually have two 
conflicting things happening. 

Since air pressure is highest at ground level and 
decreases as we go higher, there are more atoms 
available to get their electrons slapped off. Thus, the 
lower we are the greater potential for the creation of 
free electrons. But—and it’s a big but—the ultraviolet 
light has to travel farther though absorptive air to get 
to those high-density atoms. So while there are more 
atoms to ionize at lower altitudes, it is easier to ion- 
ize them at higher altitudes. The break-even point is 
usually at around 250-km altitude or so, the normal 
peak of the “bell curve.” It generally is around this 
point where you will find the most number of free 
electrons milling about. There’s also usually a small- 
er peak at around 100 km or so. 

We haven't really explained how an electron reflects 
a radio signal, although we've described how these 
electrons congregate. Actually, you can reflect a radio 
signal off a single electron, and there are scientific 
devices called incoherent scatter radars that do just 
that, but this is pretty science-geeky stuff. As radio 
amateurs, we're much more interested in reflecting 
radio signals off mobs of electrons. 

If we have a decent, well-behaved ionosphere, we 
have more or less a sheet of electrons, which in some 
ways acts a bit like a sheet of copper. We have a 
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region of sky that is highly electrically conductive. 
Unlike a wire, it’s conductive in all directions, north- 
east-west, and south, not just along a line. We also 
have some conductivity up and down, because our 
electron sheet can be many kilometers thick. Oh, I 
must also clarify one point here. Please do not get the 
impression that we have any significant volume of 
sky that consists of nothing but electrons, any more 
than we have any volume containing nothing but ions. 
Any region of the ionosphere we look at will have all 
three items: electrons, neutrals, and ions occupying 
the region in varying concentrations. High free-elec 

tron content just means there are a lot more free elec 

trons at that height than at other heights. 

Well, back to our conductive-sheet analogy. The 
electrons are free to accelerate in any direction in 
response to a radio wave impinging on them. They 
will line up and slosh back and forth in accordance 
with the electrical part of the wave passing through 
their midst. But what do sloshing electrons do? Why, 
they create radio waves! This is why we were emphat- 
ic about the reciprocity theorem in the antenna chap- 
ter. It doesn’t matter whether you're a slosher or a 
sloshee. One creates the other, and the other creates 
the one. (Important reminder: Remember, it’s acceler- 
ation of electrons that creates electromagnetic fields, 
not their mere movement. This is a crucial distinc- 
tion. The acceleration can be linear or angular, 
although for free electrons, it’s usually linear acceler- 
ation we're most concerned about.) 

This is also why I was reluctant to describe the ion- 
osphere as reflecting radio waves. The ionosphere 
actually absorbs and re-radiates them. Looking at 
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what happens from the vantage point of your station 
on the ground. This may seem to be a minor point of 
semantics, but it makes a big difference when we 
look at the more peculiar aspects of ionospheric, or 
“skywave,” radio. 

Now if all those nice slap-happy free electrons hap- 
pened to coagulate in a nice spherical shell at about 
250 kilometers all around the round Earth, life would 
be wonderful all the time. Worldwide skywave com- 
munications would be possible anywhere at any time. 
But alas, there are several flies in the ointment. 

First, many of our electrons do find their way back 
to the ions from which they were slapped. Well, not 
the exact same ions, but ions from the same ion mob. 
Recombination takes place, and our ions become 
neutrals, of no value for radio propagation. This 
recombination is relatively slow, which is why short- 
wave radio propagation doesn’t suddenly quit the 
instant the Sun goes down. In fact, a good number of 
electrons never do recombine, which is why you still 
have skywave propagation at night, at least on the 
lower HF frequencies. 

Second, we have ionospheric weather. Remember, 
our ions are basically floating on top of the atmos- 
phere. As tenuous as the connection is, genuine 
weather effects here on the surface of Earth do even- 
tually transfer to the ionosphere. It’s certainly not a 
one-to-one correspondence, but there are storms and 
currents and other weather-like disturbances that all 
do one thing: They upset the nice calm layers of elec- 
trons we need for decent “reflection” to take place. 
Instead of a “mirror,” we have a wall of rocks. 

Sooner or later most hams will experience a sudden 
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“blackout” of radio communications, also quite com- 
mon on the lower frequency bands, during the 
evening when you're basically using those “leftover” 
unrecombined electrons. This is seldom, if ever, due 
to a sudden, spontaneous recombination, where 
mega-millions of electrons miraculously find their 
way back home to their family ions. These sudden 
outages frequently are caused by electron precipita- 
tion; all of the electrons quite literally are being 
sucked down a hole in the bottom of the ionosphere, 
traveling down the Earth’s magnetic field lines into 
the Earth’s surface, where they are dissipated. 

Electron precipitation events can be triggered by 
almost anything: a distant lightning strike, a burst of 
cosmic energy, auroral activity, or just sheer statistics. 

The ionosphere is inherently unstable; it’s much 
like trying to float water on top of oil. It can be done 
if you're really, really, really careful. However, the 
slightest disturbance will cause the liquids to sud- 
denly change places, putting the water on the bottom 
where it belongs. 

In a similar fashion, there's only one place an elec- 
tron wants to be (other than an atom from which it 
got slapped), and that’s sliding down a magnetic field. 
Magnetic fields are irresistible water slides for elec- 
trons. The fact that a stable ionosphere can exist at 
all with the Earth having a magnetic field is nothing 
short of astonishing. The fact that radio works at all 
in Alaska, where the north magnetic field is concen- 
trated, is astonishment on steroids. 


Let’s Get Critical 
Probably the most useful information the Radio 
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Amateur can get from the electron density profile is 
the critical height. 

Let's illustrate this point with a little test setup. 
We'll build a transmitter and receiver and put a 
super-high-gain antenna on each so we can place 
them right next to each other without interference. 
We'll aim our transmitter and receiver antennas 
straight up into the ionosphere. While we transmit on 
one antenna we'll listen for the ionosphere reflected 
signal with the other antenna. We actually do some- 
thing similar to this in what is called NVIS (Near 
Vertical Incident Skywave) communications, a very 
reliable HF military mode. 

If you shoot a radio signal straight up into the ion- 
osphere while listening for reflections, constantly 
increasing the frequency as you do so, there will be 
some frequency at which you get no signal reflected 
back at all. The frequency at which this happens is 
called the critical frequency, and the height at which 
this all happens is the critical height. Both of these 
are very useful for calculating radio propagation, but 
let's look at critical height first. 

Critical height, interestingly enough, always corre- 
sponds with the maximum electron density! In other 
words, you can never get any reflections from any- 
thing higher than the maximum electron densily 
point. This is a good thing to know. 

Sometimes critical height is called the height of the 
ionosphere. This is not precisely true, but it’s a use- 
ful enough misapprehension. A little simple geometry 
will show you that having a high ionosphere is better 
than a low one when you're trying to bounce a signal 
beyond the horizon. Now it’s certainly possible to use 
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multiple bounces when transmitting beyond the hori- 
zon, and indeed this is exceedingly common in 
Amateur Radio communications. However, generally 
it's best to get the job done with as few skips as pos- 
sible for at least two reasons. Number one, there are 
losses associated with every ionospheric bounce, so 
the fewer of them you need, the stronger your signal 
will be. Number two, the prediction of multi-bounce 
skywave radio assumes the ionosphere at the other 
station’s end of the chain is the same as it is where 
you are, a very “iffy” assumption, indeed. 

At any rate, the critical height is a good quick an 
dirty means of calculating how far you can get o. 
your first bounce. 

Critical frequency, on the other hand, has a lot 
more information to offer. It also requires a much 
better understanding of the ionosphere. When think- 
ing about critical frequency, we need to toss out our 
“mirror” analogy of the ionosphere and replace it with 
a “prism” analogy. Remember when we said our “elec- 
tron sheet” is very thick? A reflection from a thin 
layer, such as the silver coating on a mirror, gives us 
something called a specular reflection. Radio reflec- 
tions from the ionosphere are anything but specular, 
except for some really notable exceptions, which is 
why they're called notable exceptions. 

Most of us are familiar with a standard optical 
prism. You place this wedge of glass in sunlight, and 
it spits out all the colors of the rainbow, each one 
“bent” at a different angle. Well, the ionosphere is 
very similar; different frequencies are bent at differ- 
ent angles. The net result is similar to a prism, but 
the internal workings are quite different. 
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The ionosphere's prism-like character results from 
this fact: The critical electron layer (or layers) is not 
only very thick relative to the wavelength of radio sig- 
nals penetrating them, but it is of continuously vary- 
ing density. We say that the ionosphere has a contin- 
uously variable velocity factor. 

Remember our bent Slinky experiment? In that 
case, we were only dealing with two “velocity factors,” 
that of air and that of dirt. In the ionosphere, we have 
a continuously varying velocity factor with height, 
but also one that varies with frequency! The physics 
is exceedingly complex, but the intermediate results 
are fairly easy to visualize. The crux of the matter is 
that higher frequencies penetrate the ionosphere far- 
ther before being “bent” than lower frequencies. What 
this means is that the height of the ionosphere is 
dependent on frequency. 

Now things begin to get interesting. 

For about a century there has been a conspiracy of 
silence in amateur circles about a couple of things 
known as X-mode and O-mode propagation. This is 
really surprising, since X-mode and O-mode propa- 
gation modes have been known about for at least 
sixty years and are fully acknowledged by just about 
every communications professional. 

Here’s the scoop: If you transmit a radio signal 
through the ionosphere, unless you happen to be at 
precisely the magnetic equator (which is about as 
likely as finding a diamond on the beach), your radio 
signal splits into two signals. One of these signals will 
be clockwise, circular polarized. This is known as O- 
mode (for Ordinary mode, in the Northern 
Hemisphere). The other signal will be counterclock- 
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wise, circular polarized. This is known as the X- 
mode signal (for eXtraordinary mode in the Northern 
Hemisphere. Even if your transmitted signal is per- 
fectly linear, such as generated by a simple dipole, 
by the time the signal gets up to the ionosphere and 
back down again you have two signals, one spinning 
clockwise and one spinning counterclockwise. Now 
the plasma physics that creates this phenomenon is 
quite fascinating, but well beyond the scope of this 
book. The thing you need to know is that you wi 
always have an X-mode and an O-mode signal whe 
you transmit through the ionosphere. This is so eas, 
to prove with simple circular-polarized antennas 
that nobody has ever bothered to dispute it. 
However, true to form, most hams generally just 
ignore the whole topic and chalk up weird propaga- 
tion to “black magic.” 

The fact of the matter is that a good deal of the 
“weirdness” of HF radio propagation can be explained 
by exploring the X and O properties of the signals. 
Probably 99.9% of all radio amateurs are clueless 
about this very fundamental property of the iono- 
sphere. You can’t blame the hams, though, because 
it's absent in the amateur literature as well. We 
intend to fix that. 

The correct thing to do is to take advantage of these 
different modes! The X-mode and O-mode signals not 
only have two different paths in the azimuth, but 
they also have different critical heights. This is the 
sort of thing with which ordinary hams can experi- 
ment and actually make a contribution to the tech- 
nology and science. 


Take a look at a typical ionogram right here: 
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http://digisonde.haystack.edu/latestFrames.htm. 
I've chosen the Massachusetts Digisonde just so you 
don’t think this whole X and O thing is an Alaskan 
aberration. Notice the well-defined red and green 
traces? The red trace is your O-mode signal, and the 
green trace is your X-mode signal. These are real- 
time signals. The only difference is the polarization of 
the receive antenna. See how the green trace has a 
higher critical frequency and critical height? This is 
real stuff, not science fiction. 

In another chapter of this book, on practical anten- 
nas, we're going to describe some very simple circu- 
lar-polarized HF antennas that you will not find in 
any other Amateur Radio literature! Consider your- 
self privileged. 


NWT et a 
ego 


CHAPTER 18 
Shady Radio 


Throughout Opus we have emphasized that radio is 
governed by the unalterable laws of physics. Laws 
made by mere human beings have also attempted to 
govern radio, almost since its very discovery, with 
varying degrees of success. Unlike the laws of 
physics, which are unwavering, eternally fixed, and 
disconcertingly impartial, the laws of man many 
times are fleeting, temporary, sometimes petty, and 
largely illogical. There’s something inherent in man 
that compels him to desire to control that over which 
he has no control. Small-minded men are threatened 
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by things that are bigger than they are, and even 
more by things that outlast them. 

There is, admittedly, something rather subversive 
about radio. It penetrates walls with impunity, leaving 
no permanent trace of its existence. It recognizes no 
geographical or political boundaries. Even the FCC 
was forced to acknowledge this fact, way back when. 

If you look at the backside of the old FCC First 
Class Radiotelephone License or Radiotelegraph 
License, you will find, in all the fine-print legalese, 
the subtle implication that you, the holder of said 
license, are under Admiralty Law—the law of the 
“High Seas.” At first, this seems rather bizarre, but 
after a bit of thought, it makes perfect sense. What 
other possible manmade law could apply to some- 
thing as immune to geography as radio? It’s the best 
the FCC could do at the time. In addition, many other 

ations assumed a similar approach toward radio 
licensing, It has worked reasonably well, admittedly. 
In fact, this has probably worked better for Radio 
Amateurs than for anyone else. 

However, it's still a flawed law, because it’s man’s 
law. Unfortunately, the laws of man primarily are 
generated by politicians, not physicists who wisely 
understand that you can't write a physical law into or 
out of existence. 

The end result of this is that you have politicians 
saying you can't do something, when the laws of 
physics say you can do something. Guess who ulti- 
mately wins? 

During two World Wars, Amateur Radio was banned 
in the United States. During two World Wars, 
American Radio Amateurs did radio. 


The Opus of Amateur Radio Knowledge and Lore 211 


Through much of the Cold War, Amateur Radio was 
banned in most of the Soviet Union and Red China. 
During the Cold War, Soviet and Red Chinese Radio 
Amateurs did radio. 

In unstable and oppressed regions around the 
world, Amateur Radio does not exist. In unstable and 
oppressed regions around the world, where Amateur 
Radio does not exist, Radio Amateurs are doing radio. 

Of course, they aren't doing it openly, and they 
don't always call themselves Radio Amateurs. But 
they are doing it. Why? Because the laws of physics 
say they can, even though the laws of man say they 
can't. It’s really a no-brainer. Physics wins every time. 

Now none of the above should imply that we con- 
done illegal radio operation. Most of us worked real) 
hard to get our ham licenses, and are, therefor 
reluctant to do anything that would jeopardize us ; 
any way. We are simply acknowledging that the very 
concept of radio has been, at various times and 
places, deemed unlawful by puny minds. As in near- 
ly any field of endeavor, the true innovators have 
been outlaws—if only because their innovations pre- 
ceded any laws anyone managed to contrive. 

In this chapter we wish to celebrate the tenacity, if 
not the technique of these pioneering amateurs who 
dared to fly under the wire. There have been many. 


Caveman Radio 


In the chapter “How Radio Works” we brought up 
the point that radio is so simple, even a caveman 
could do it. It is this point alone that has been under- 
stood by competent “shady” radio operators since the 
beginning of the last century. 
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Every once in a while some wannabe NSA agent will 
come up to me at a hamfest, and in a feeble attempt 
to impress me or something whisper in a clandestine 
manner that he has acquired the secret formula to 
modify his Icomaesuwood PSOF/CRP 666 transceiv- 
er so it can (shhhh!) transmit outside the Amateur 
Radio bands! (Oooooh! Gasp!) 

I have a grid-dip oscillator built in 1955 that | 
bought for 12 bucks at a TRW Swap Meet in 1972. My 
GDO can transmit continuously from the A. broad- 
cast band clear up to 500 MHz. I can couple the 
probe of my GDO into a random-wire antenna and 
transmit a signal (admittedly, a very weak one) any- 
where in the radio spectrum the NSA groupie can. I 
also have an ancient vacuum-tube FM deviation 
monitor (about the size of an RV refrigerator) that can 
receive most communications throughout the VHF 
and UHF radio spectrum. I picked up this gem 
absolutely free because the guy who had it didn't 
have a clue what it was. 

A weekend of twiddling and tweaking brought the 
thing right up to speed. I can listen to every police, 
fire, ambulance, and Red Cross transmission, and a 
lot of local military stuff right from my own cave... 
uh, garage. Big deal. (The Homeland Security people 
would probably have a field day with me, because 
neither my GDO nor my deviation monitor qualifies 
as a “radio” in even their most contrived definition 
thereof). 

The point of this is that to outlaw radio you'd have 
to outlaw wire and electricity. And even that won't 
work, because there's always wet kite string and bicy- 


cle generators. 
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In reality, knowing a bit about “shady radio” can be 
of great public service. We mentioned earlier that the 
public infrastructure is the first thing to go when 
emergencies arise. A shady radio operator knows how 
to operate without all the high-tech encumbrances 
that such an infrastructure imposes. The same skills 
that allow one to keep a radio station going “under 
the wire” are the same ones necessary to keep radio 
going when there are no wires left intact. 

It's a good thing to be competent with all the lat- 
est technologies, but it’s also important to be com- 
petent without them. For this reason, rudimentary 
caveman modes such as CW (really??) will always 
have their place. 

Simpler is usually better. 


[FCCle 
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CHAPTER 19 


Licentious Behavior 


We haven't mentioned too much about the Amateur 
Radio licensing procedure yet. There are many won- 
derful resources out there that go into this in great 
detail. In fact, yours truly has contributed a fair 
amount to the study guides available from the W5Y1 
Group (www.w5yi.org). 

There are a lot of things you can do without an 
Amateur Radio license that I would still consider 
amateur radio (perhaps in lower case, as printed 
here). An FCC license is only required if you actually 
transmit a radio signal. No license has ever been 
required to receive a radio signal of any kind. 

Be aware, however, that there are restrictions on 
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what you can divulge of any radio transmissions you 
might intercept, especially if these are of commercial 
nature. Divulgence of private commercial communi- 
cations can result in severe penalties, Consider any- 
thing you hear on any radio as extremely contiden- 
tial, unless explicitly known to be otherwise, such as 
Amateur Radio transmissions. (By law, any form of 
encryption whatsoever of Amateur Radio transmis- 
sions is expressly forbidden under the very premise 
that such transmissions are public.) Conversely, 
assume anything you might transmit via Amateur 
Radio will be intercepted and relayed to someone 
else, licensed or otherwise. This fact alone should 
embarrass any legitimate Radio Amateur into sensi- 
bility and decency—emphasis on should. 

Until fairly recently the vast majority of Radio 
Amateurs got their first exposure to Amateur Radio 
by twiddling around with shortwave radios. They 
already knew a good deal about radio propagation 
and such before they even entertained the notion of 

- getting a license. Some of them never did get their 
license for a number of possible reasons, some triv- 
ial, some valid. 

In fact, many present-day shortwave listeners 
(SWLs) are far more technically competent than many 
currently licensed Radio Amateurs, many of whom 
got their licenses for all the wrong reasons. We need 
to embrace and recognize radio hobbyists such as 
SWLs and Longwave Listeners “LOWfers” for the con- 
tributions they make to the radio art. Half of every 
radio communication is receiving... at least it should 
be. Good radio listeners may not be official Radio 
Amateurs, but they needn't be considered second 
class either. 
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Your Friend the FCC 


In Arlo Guthrie's classic 60's folk song, Alice’s Restaurant, there's a 
memorable scene. Arlo describes how he was arrested for littering, 
the evidence being a letter with his name on it being found under a 
huge heap of illegally dumped garbage. Arlo says to the arresting offi- 
cer, “Office Obie, | cannot tell a lie. | put that letter under that big pile 
of garbage.” 

Needless to say, the protagonist of the song had a rather jaded view 
of authority. However, unlike the inept Officer Obie, the Federal 
Communications Commission, or FCC, has some actual power. They 
have the means to make you sit on the “Group W bench” for a ver 
long time. 

Now, admittedly, there’s probably a bit of Arlo in every red-blood 
American radio amateur. We are raised with a healthy skepticism 
authority, which is probably a good thing. But for the most part, the rules 
and regulations placed on Amateur Radio operation are more than rea- 
sonable, and without some kind of central regulation, the ainvaves would 
be utter chaos. As it is, there’s only moderate chaos. Radio waves, being 
what they are, don’t recognize political or geographic boundaries. From 
the earliest years of radio, this presented a bit of a problem for govern- 
ments. There was no model for regulating things that didn’t have natural 
barriers of some kind . . . except, curiously enough, Maritime or 
Admiralty law...the law of the high seas! 

It's very interesting to note the fine print on the back of the old 
Commercial FCC radiotelegraph licenses. Words to the effect that“... 
holders of this license are subject to the laws of the high seas..." When 
| first read this, | thought it was pretty bizarre. And yet, upon further 
reflection, it made sense; what other law besides Admiralty law even 
remotely addressed the peculiar nature of radio? 

It's a fact of physics that any time you generate a radio signal, you 
have the potential of interfering with someone else anywhere on the 
planet. So, as repugnant as global, or even Federal, government may 
be, there's probably no viable alternative. Radio waves aren't local, so 
local governments can't deal with them. 

This is, actually, a very good thing. If you have an FCC granted 
license, you are legal tender to operate anywhere under the jurisdiction 
of the FCC, which includes every state and town in the United States. No 
local government can legally stop you. They may try at times, but they 
will fail. Your FCC license is a federal license. 

That being said, it’s best to keep on the good side of the FCC, both as 
an individual ham, and as a corporate body of radio amateurs. (I guess, 
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by definition, a// bodies are corporate). We want the FCC as our advo- 
cate, not as our Officer Obie. 

Now, back in the olden days, proper respect for the FCC began in the 
testing halls, before you even got your license. Before the advent of 
Volunteer Licensing, some twenty-five years ago, Amateur Radio testing 
took place in official FCC field offices, usually in a Federal courthouse, 
or some other equally imposing edifice. 

The entire process was custom designed to instill fear and dread in any 
prospective radio amateur, The rooms were cold and dark. The concrete 
walls were three feet thick so nobody on the outside could hear your tor- 
tured screams. There were bars on the window, if there was a window. 
The man in the black hood guarding the door had B.O. The ancient hunch- 
backed witch who sealed your fate sat at the front of the room with a huge 
pre-inked red rubber FAIL stamp grasped in her gnarled, bony hand. 
Except it wasn't ink; it was blood from the previous applicant. 

The first thing they did was administer your code test. The code 
machine was a medieval torture device consisting of a tape recorder- 
like box with a rotting paper tape spooled around a couple of rusty 
reels. The headphones attached to the box were specifically designed 
for pain, as the executioner screwed them into your skull. The nomi- 
nal speed for the tape machine was 13 words per minute, but in actu- 
ality it was 130 words per minute. You were required to copy one 
minute of text perfectly, which was impossible because the test was 
over after thirty seconds. 

If you DID manage to pass the code test (which inevitably made the 
resident witch even crankier), you were “free” to take the written test. 
You were allowed five minutes in which to complete the 150 question 
exam, which included drawing schematics and building a working trans- 
mitter from the paper clip holding your test booklet together. 

If you managed to survive the ordeal, you left the building leaping for 
joy and relief, awaiting the arrival of your license in the mail a couple of 
months later. Never again in your entire life would you have to endure 
the horrifying trauma...until you returned to take your Advanced Class 
test...and again to take your Extra Class exam. 

Passing an FCC-administered ham exam was like swallowing a live 
hissing cockroach: You knew nothing worse could ever happen to you 
from there on out. Something crucial is missing with the kinder gentler 
volunteer ham testing method we have nowadays. By depriving the cur- 
rent generation of the terror, we also deprive them of the hope. 

Be that as it may, in light of what one had to endure to GET a ham 
license in the first place, one was generally pretty careful about avoiding 
doing something that would cause one to unget one's ham license. 

Now, | must confess, though, | never came close to ungetting a ham 
license. | did manage to earn an FCC “pink slip” once, very early in my 
ham career. | was using an unfamiliar rig (my elmer's actually), and | was 
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operating ever so slightly outside of the allocated frequency range for 
Novices. Back then, Novice class licensees had special callsigns that 
stood out like the Scarlet Letter. Except the letter was an N. Being a 
Novice was like being on parole for two years. | couldn't have been out 
of my band for more than thirty seconds, before | discovered and cor- 
rected my wayward ways. But the FCC was even faster! In a couple of 
days, | got the dreaded pink slip in the mail. | was certain | would have 
to face the hooded, B.O.-fragranced dungeon-bully to account for my 
sins, or at least the Group W bench, but instead, all they asked was that 
| write a note back to the FCC field office and explain myself. Per their 
request, | responded within the prescribed 10 days, explained the rea- 
son for my error, and begged them to not send me back to the dungeon 
if | promised I'd never, never, never, ever do that again. | never heard 
from them again, so | guess it was the right answer. 

Nowadays, it's quite unlikely that the FCC would be so vigilant for such 
minor infractions. There are no longer FCC monitoring stations around 
every corner like there used to be, mainly because of funding and mar 
power issues, and the fact that the FCC has bigger rutabagas on i 
plate to choke down. For the most part, the FCC has expected us to 
self-policing, and only steps in when we can't resolve issues among. 
ourselves. Where you're more likely to spend serious time on the Group 
W bench, however, is if you transmit outside the amateur bands. Do not 
even THINK about doing this . . . ever. Well, there's one exception. 
Under dire threat to life and limb, you're legally allowed to transmit any- 
where. But you'd best be prepared to explain yourself after the fact. If 
you present your severed torso in a zip-lock bag to the FCC after such 
an incident, they might cut you some slack. 

Now, part of the way radio amateurs handle this self policing business 
is through your friendly local O.0. No, 0.0. is not Officer Obie, but rather 
Official Observer. The Official Observer is a licensed amateur appointed 
by the American Radio Relay League to do what the old FCC monitor- 
ing stations are no longer equipped to do. His job is to scan the bands 
and look for illegal or “liddy” behavior, and to notify the offender...hope- 
fully before the FCC does. The 0.0. has NO legal authority; he is not a 
radio cop. An O.O. notice is not a pink slip; it's a warning that you could 
get a pink slip if you continue your errant ways. It is far better to get an 
0.0. notice than a pink slip, however. If you are particularly egregious, 
the O.O. may report you to the FCC for further “attention,” but this is 
quite uncommon. 

Now, on rare occasions, you may find that your 0.0. is a bona fide 
Officer Obie . . . somebody who just loves to carry a badge. I’m not real- 
ly sure what makes such people tick. | suspect they never got to play 
cops ‘n’ robbers when they were kids, and never got it out of their sys- 


tems. | don’t think you can fix these folks, so the best you can do is prob- 
ably to humor them. 
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“Office Obie, | cannot tell a lie. | did use A.M. on twenty meters!” 
(Perfectly legal, by the way). 

I've personally been an 0.0, on three separate “stints” when | had the 
time. But my motive for doing this was strictly the technical chal- 
lenge...doing direction finding and such, which really is a great deal of 
fun, and sometimes extremely difficult, at least at H.F. | only sent out two 
notices in my ten years or so of accumulated O.O. tenure. 

We should close this in saying that many FCC officers and agents 
have been radio amateurs; it’s how a lot of them got into the electron- 
ics field to start with. In fact, it might be a career worth looking into, if 
you're still undecided. You might even get to carry a badge, if that 
floats your boat. 


ACT III 
What It Will Be... 
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PRELUDE 


Well, here we are, Act III already, and we still have 
a lot of ground to cover, or, perhaps, reprise. I think 
we've touched most of the bases, but a lot of things 
bear closer scrutiny. Like life itself, Amateur Radio 
doesn't precisely compartmentalize into chapters. It 
is a cycle of new, old, and yet to come. Thus, we con- 
tinue in The Opus of Amateur Radio and Lore. 
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CHAPTER 20 


Pieces and Parts and Such 


By now you've probably noticed that I've made little 
mention of commercially made ham radio equipment. 
It’s certainly not that I have any objection to the con- 
cept. I have always had many excellent specimens of 
commercial ham radios at my disposal (although I 
was licensed for over a third of a century before I 
actually bought a new commercial radio). 

Complex or simple—which way to go? The fact of the 
matter is that most new hams have far “too much 
radio.” Notice, I didn’t say “too many radios,” because 
I don’t believe there is such a thing. By “too much 
radio” I mean a rig that has more features than you 
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can use effectively. Sadly, too, some of modern com- 
mercial equipment sacrifices rudimentary perform- 
ance for a lot of bells and whistles that do little if any- 
thing to improve communications effectiveness or 
convenience. 

It is far better to have a very simple radio (or sever- 
al very simple radios) that have excellent perform- 
ance in the areas that really matter to you. Happily 
enough, excellent performance can be achieved very 
inexpensively if you know what you're looking for. 

How does one know what one is looking for? This is 
where it’s extremely important to be able to “kick the 
tires,” so to speak. Back in the days of yore when just 
about every town had a genuine ham radio store, this 
was the standard way to go. You could sit down and 
actually operate the latest model rigs to your heart's 
content—or at least until the next guy in line kicked 
you off the throne. You also had sales people who 
were hams who could give you the straight dope. 

Alas, for the most part those days no longer exist. 
The vast majority of today’s hams purchase their 
radios sight unseen (or at least unheard) from ham 
radio catalogs or online. This leaves a great deal to be 
desired for the operator. 

The ideal antidote to this, of course, is to build your 
rig or rigs from scratch. This way you can put in just 
the features you want or need, save a bundle of 
money, and learn a lot in the process. There are still 
a number of Hams who do just that, and hopefully 
we've encouraged some of you to at least try this 
approach. You don't have to build your whole station 
from scratch, but every ham should have some home- 


brew equipment around. 
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You can start small with simple-to-build items such 
as antenna tuners. These are extremely useful items 
in any Ham shack, and you can never have too many 
of them. Probably the next level of complexity (and 
danger) you might attempt is a linear amplifier. These 
generally have relatively few parts, and those parts 
usually are large; however, you don’t need a micro- 
scope and surgical instruments to build them. Just 
be aware that you will be dealing with lethal voltages 
and currents in these puppies, so you want to work 
with someone who knows his way around high-power 
stuff. You should always be working with an Elmer 
anyway, as it’s the best way to learn, as we so strong 
ly emphasized earlier in this book. 

Now this brings us to another modern-day dilem 
ma: It’s not as easy to find radio parts as it once was, 
For example, a certain well-known chain of “electron- 
ics” stores whose very namesake arose from its his- 
toric dedication to Radio Amateurs and other elec- 
tronics enthusiasts now carries zero basic electronic 
components. Notice we said “historic” dedication. 
Nowadays if you were to walk into one of these par- 
ticular electronics outlets whose very namesake 
would seem to indicate that they have Radio 
Amateurs and electronics enthusiasts in mind and 
ask the proprietor thereof for a capacitor, you would 
be greeted with a deer-in-the-headlights response. 

Recently I entered our local electronics store, whose 
very namesake would indicate that its business is 
dedicated to the Radio Amateur/electronics enthusi- 
ast, and asked the sales person behind the counter 
for a microammeter, a very common instrument. He 
went to the back room, rummaged around for a 
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while, and came back with some kind of portable bat- 
tery tester. “This is the smallest ammeter we have,” 
he announced. The tragic, horrifying part was he 
wasn't trying to be witty. Needless to say, that was 
the very last time I entered our local electronics store. 

Now it could be that in your particular neck of the 
woods your local electronics store, whose namesake 
would seem to indicate that it would cater to your 
needs as a Radio Amateur/electronics enthusiast, is 
staffed by an army of informed, considerate, helpful, 
and consummately professional electronics experts. 

Fat chance. In all likelihood the person behind the 
counter will have a brain that can be quite adequate- 
ly duplicated with three transistors and a relay... 
except for the fact that he doesn’t have three transis- 
tors and a relay anywhere in the store. 

So what, pray tell, is the homebrew aspirant to do? 
Well, fortunately, things are not as grim as they might 
appear. There are gold mines of surplus electronics on 
this great continent. There is a century's accumulation 
of high-quality electronics parts (as well as assemblies) 
in countless attics, basements, military surplus yards, 
businesses, transfer stations, and circus tents. (Well, | 
can't really vouch for the circus tents.) 

Like any gold mine, you might have to do a little dig- 
ging. There's not as much lying right on the surface as 
there once was, perhaps, but the search is always 
rewarding. The stuff that shows up on eBay is aston- 
ishing, but that is far from being the only source. The 
various ham-based internet forums are excellent 
places to find just the parts you need. If you don’t have 
it, some other ham does; you can count on it. 

One thing to remember is that when scoping out 
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the surplus landscape some hams confuse surplus 
with used. Sadly, many Hams shun the surplus mar- 
ket because they assume that because something's 
old, it's worn. There are untold billions of military 
surplus electronics components that are still in their 
“flavor-fresh” wrappers. A lot of this stuff is of far 
higher quality than anything you can buy new. 

I can't vouch for this, but I've heard rumors that the 
surplus situation is even better in places such as 
Surope and Asia. Germany, for one, still manufac- 
tures top-quality radio components such as vacuum 
capacitors and roller inductors for the Amateur radio 
market. Of course, you have to pay accordingly, 
unless you have some good friends there. It’s a grea’ 
opportunity and an incentive to develop some inter 
national friendships, by the way. After all, isn’t that 
what Amateur Radio is all about? 

Never pass up an opportunity to beg. | am utterly 
shameless about this. It is almost always fruitful. 
When people know you are serious about your hobby, 
they will give you what you need. Just be sure you're 
willing to reciprocate. My parts bin is your parts bin. 
Tradionally, hams have been inveterate barterers, 
and remember, barter doesn’t necessarily mean a 
parts-for-parts exchange. How about spending a few 
hours helping another ham rewire his garage in 
exchange for that plate transformer you've been lust- 
ing after? Works for me! 


Save That Copper 

Visiting another area for us hams, copper is an 
interesting commodity these days. It’s probably a 
good idea to save all the copper you can, in any form 
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you can, China is in the midst of a huge moderniza- 
tion project, and since China has no local source of 
copper, it is consuming a good part of the world’s 
reserves of the stuff. For the foreseeable future, the 
price of copper is only going to go up. 

Now most of us who have been around a while have 
heard this song and dance before; we were all hoard- 
ing copper in the late ‘70s only to see the price fall 
through the floor. Lots of us kept around tons of oth- 
erwise useless transformers and motors just for the 
copper they contained, only to have to find a way to 
get rid of the wee beasties years later. This copper 
thing now seems to be real. We should have kept our 
oversized paper weights! 

Even though copper is a high-value-density materi- 
al, it still takes up a bit of space, which is also a high- 
value-density commodity these days. Rather than 
housing all the stuff yourself, it might be more prac- 
tical to keep tabs on who does have sizeable stashes 
of copper in their basements and garages and tool 
sheds. Fortunately, enameled copper wire lasts a 
long, long time, even if not stored properly. Also, for- 
tunately, a lot of people don’t yet have a clue how 
valuable copper is, and these individuals can also be 
a good source of the material. 

Although copper in the 


of the most value for many 
hams, don't overlook cop- 
per pipe, ground rods, 
sheeting, strapping, foil, 
and the like. These all are 
valuable for many radio 


"Kick the tires," 


and try it out... 
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applications in their present form as well as for their 
exchange value. 


Other Metals 

What about other metals? Well, aluminum certain- 
ly bears watching, but it’s unlikely it will ever reach 
the stratospheric heights of copper. I periodically 
check the metals indexes for interesting signs, but 
nothing slaps me upside the head like copper has 
recently. 

Rare earth metals should be very interesting, espe- 
cially since they have discovered that Hafnium great- 
ly accelerates silicon semiconductor performance. 
Hafnium has always been one of those “curiosity” 
elements . . . extraordinarily rare, but relatively inex- 
pensive because nobody had a use for it. This all 
changed overnight when they found its marvelous 
semiconductor accelerant property. 

Several other “curiosity” elements seem poised on 
the brink of destiny, as well. Unfortunately, rare earth 
metals don’t usually show up on the metals markets 
because there is no standardized vehicle for purchas- 
ing them. Since, for example, you could probably fit 
the entire world’s supply of Dysprosium in an Almond 
Roca can, it’s understandable why these materials lie 
low on the commodities 
market. However, they’re 
worth investigating—quiet- 
ly. It might possibly pique Buy one new, 
the curiosity of the “Men In but have no 
Black” a tad, if you were to doubt. ... 
publicly announce you're 
looking to buy a pound of 
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Dysprosium, especially since the only known use for 
the stuff is in nuclear research. 

Procurement of parts is where hams have always 
shown great resourcefulness. Don’t be daunted; it’s 
worth the search. 


Boat Anchors and the Wonder Thereof 

If you are particularly fortunate, you may find a col- 
lection of surplus parts already assembled in the form 
of a boatanchor (which is, if you missed it, hamspeak 
for vintage radio gear). This is a joyous find, indeed. In 
fact, it's even more joyous if said collection of parts is 
in the form of a working boatanchor. Either way is fine. 

There are volumes written on the fine art of boatan- 
chor restoration, generally geared for specific makes 
or models. However, there are a few things common 
to most boatanchors, which we can touch on here. 

It's almost a given that if you're dealing with 
boatanchors, you're dealing with vacuum tubes. You 
aren't going to find a new tube tester, but used ones 
are in plentiful supply. Anyone who repaired TVs for 
a living had one or two of these around. Lots of 
boatanchor problems can be determined by a thor- 
ough tube check. 

Back in the “dark ages” it was pretty much stan- 
dard practice as a matter of 


routine to replace all the 
tubes on a newly acquired 
Make your own, boatanchor. This was when 

that way tubes were plentiful and 
homegrown ... cheap. Tubes are precious 
commodities these days, 
and such a_— shotgun 
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approach is bound to be rather costly, and not always 
necessary. 

There's a very good probability that all the tubes in 
your latest find do indeed need replacing, but just in 
case you're lucky, you want to toss only the ones that 
really need to be tossed. Actually, you probably don’t 
want to toss any tubes these days; they're collectors’ 
items in any condition. Even the boxes are worth 
something! 

Some boatanchors run just fine with really lame 
tubes. I've had many of them. Other ones, by virtue 
or curse of their design, start sputtering perform. 
ance-wise long before a typical tube tester can even 
see any problems. Tube testing is an art form, as are 
tube testers themselves. Experience rules here. 

Next to soggy, floppy tubes, the most common prob- 
lem in boatanchors is electrolytic capacitors, This is 
one area where wholesale replacement of all the 
capacitors is usually justified, as well as cost effec- 
tive. Modern replacements for electrolytic capacitors 
are much better than the original and probably will 
outlive you. In fact, a newly “capped” boatanchor will 
likely exceed its original performance specs. Cool! 

One of my old friends had a long, highly lucrative 
career as an electrolytic-capacitor changer. His official 
job title was “Television 
Repairman,” but his de- 
facto job description was 
electrolytic-capacitor chang- The search 
er. Fully 95% of his job is on, for one 
involved replacing elec- your own.... 
trolytic capacitors in televi- 


sions for a few decades. = 
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They finally got good at making electrolytic capacitors 
around the time people stopped repairing televisions. 
I'm not sure this was accidental. 

At any rate, if they made electrolytic capacitors 
back in the 1940s like they make them now, there 
probably wouldn't be any boatanchors available for 
us, because they all would still be in use by their 
original owners! Thus, once in a while you find some- 
thing that’s actually better than its older incarnation. 
Not often, but sometimes. 

Boatanchors generally have more moving parts than 
modern radios. You have things such as dial cords, 
gears, racks, toggle switches, rotary switches, and vari- 
able capacitors to contend with. Fortunately, these items 
all are large enough to be visible with the naked eye. 

After you “recapacitate” your “new” boatanchor, the 
next thing you're going to want to do is drench every- 
thing that even remotely moves with a good contact 
cleaner/lubricant. Back in the olden days, this meant 
carbon tetrachloride, but it was discovered a while 
back that “carbon tet” caused people to grow super- 
fluous cranium-like appendages or something like 
that, so the substance is now banned. There are more 
politically correct chemicals for contact cleaning these 
days. When all else fails, a good dose of WD-40 serves 
as a fairly respectable con- 
tact cleaner, but doesn't 
smell anywhere near as 
nice as carbon tet. 

Genuine dial cord is a bit 
hard to find these days, 
and more than likely your 
boatanchor will need a re- 
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stringing. The next best thing is good Dacron fly-fish- 
ing line; it’s very tough and doesn't stretch. If you do 
it right, you'll probably never have to do it again 
(famous last words!). Replacing dial cord is an art 
form in itself, and if the original one happens to be 
missing, it can be a real challenge to figure out which 
way everything is supposed to turn. There seemed to 
be no limit to the creativity of radio designers when it 
came to devising convoluted, circuitous, unnecessar- 
ily, complicated dial-cord paths! After the ultimate 
demise of the dial cord, these designers, by this tim 
all quite aged, were pulled out of retirement to desis 
the Windows® operating system. 

At any rate, once again, eBay is your friend, or it can 
be. It’s amazing the sort of oddball boatanchor parts 
that show up online. If you have a boatanchor with 
“irreplaceable” parts, someone somewhere has just the 
part you need. However, there’s usually a commensu- 
rate price. Almost overnight, boatanchors that hams 
were giving away just a few years ago have mysteri- 
ously achieved “extremely rare collector's item” value. 
Well, I should say “price” instead of “value.” Like the 
recent housing bubble, these grossly over-inflated “col- 
lector’s item” prices are going to plummet back to real- 
ity. In the meantime, if you have old radios, keep them! 


Start a Trend? 

If you have the room, you might also consider 
becoming your local ham community's substitute for 
your local electronics store, whose very namesake 
would indicate that its business is dedicated to the 


Radio Amateur/electronics enthusiast.” Who knows? 
It might start a trend! 
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CHAPTER 21 
Measuring Things and 
Playing with Ions 


In the previous chapter we basically talked about 
things that were broken. Therefore, what are you 
supposed to do with all that test equipment you've 
accumulated after everything in your shack works? 
Not to despair; there's still a lot of fun to be had. One 
of the reasons we exist as Radio Amateurs is so that 
we can contribute to the state of the radio art. This 

seems to imply that things should be improving with 
time. We should be making progress, in other words. 
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How do we know if we are making progress? How do 
we know that Item X is better than Item W? Do we 
rely on a warm, fuzzy feeling? Well, a warm, fuzzy 
feeling may be good, but it's really hard to quantify. 


Measuring Things 

The best way to determine progress is by actually 
measuring it. It's not as hard to do as it may appear, 
but far too many hams are reluctant to get into the 
measurement mode. We aim to fix that here. 

These are just a few of the things in the ham shack 
we can measure: power, frequency, wavelength, time, 
distance, field strength, voltage, current, resistance, 
temperature, brightness, and weight. 

Now here's one thing a lot of us forget in our digi- 
tally obsessed culture. All of the above are physical 
quantities that can exist in an infinite number of val- 
ues, All of nature exists as a continuum. We like to 
process the values of nature as discrete "lumps" such 
as miles, or degrees, or pounds, or dollars. These are 
all artificial units, invented for our convenience, 
because it's always easier to count things than it is to 
measure things. However, the physical universe does- 
n't exist for our convenience. Nothing in the universe 
comes as units, unless you count subatomic particles 
(and there's some gradually mounting evidence 
among some physicists that even those aren't com- 
pletely interchangeable parts). 

The point of this isn't that units are bad; it's just 
that they aren't a very accurate representation of 
reality. However, they're the best we have to work 
with at this time. Also, for the most part, units are 


pretty useful. 
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Regardless of what actual value we're measuring, 
there are a few universal principles we want to follow. 
Since we're generally confined to using units, no mat- 
ter what we're measuring, we want to have standard- 
ized units. In other words, a volt should mean exact- 
ly the same thing to you as a volt means to me. The 
actual value of that unit isn't so crucial, as long as we 
both agree. We have both national and international 
standards organizations whose main job is to revise 
the definitions of various units using ever more sta- 
ble physical quantities as comparisons. Some of 
these standards may seem really obscure and 
bizarre, but each revision of the standard allows it to 
conform to an evermore unchangeable quantity as 
these things are discovered. 

For example, the cubit was a perfectly good uni 
for building Noah's Ark, but nobody uses a cubit for 
measuring wavelength. (Well, I do know a few old 
geezers who probably do, but they also were around 
to help Noah build the Ark). Wavelength is meas- 
ured in meters, which is an incredibly precise unit 
of length and has been redefined at least twice in 
my lifetime. It is now defined as 1/299,792,458 ofa 
light-second. (A cubit, by the way, is just about half 
a meter, just in case you need to use it someday. 
In fact, in my particular case, my cubit happens 
to be precisely half a meter. I guess I was born to be 
a ham!) 

The important thing is that to be really meaningful, 
my meter is the same as your meter. Fair enough. 

So how does one measure the wavelength of a radio 
wave? You can't just hold a tape measure up in the 
air and read the thing, can you? Well, almost. 
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The Lecher Wire, Digital Frequency Counters, and 
Wavemeters 

One of the earliest devices for measuring wave- 
length directly was the Lecher Wire. It consisted of 
two closely spaced parallel wires or rods, at least as 
long as the wavelength in question, and preferably a 
few times as long. 

An unknown radio signal was fed into one end of 
the parallel lines. Because there was no termination 
on the Lecher wires, standing waves were set up. 
There would be a null each half-wavelength where 
the reflected and forward signals intercepted. The 
operator would slide a sensitive RF detector along the 
line and note the distance between the nulls; this was 
precisely a half wavelength. You'll have to admit this 
is pretty spiffy. 

Although a Lecher Wire is pretty much obsolete as 
’ test instrument, there is nothing like it for demon- 

trating standing waves and such. I never leave home 

rithout it. 

In the early days of radio, wavelength was much 
easier to measure than frequency, which is why we 
have amateur bands designated by meters. Of 
course, if one accurately knew the wavelength, one 
could figure out the frequency, but measuring fre- 
quency directly was a bit of a trick. 

Although digital frequency counters are cheap and 
plentiful these days, they were very exotic creatures, 
indeed, a mere 40 years ago. 

The intermediate stage between the Lecher Wire and 
the digital frequency counter was the wavemeter, 
sometimes called an absorption wavemeter. The 
wavemeter is a simple tuned circuit consisting of a 
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precision variable capacitor and a fixed, accurate 
inductor in parallel. It also had a sensitive detector 
and meter which would indicate the circulating radio- 
frequency current in the device. You placed the instru- 
ment near an antenna and twiddled the knob for a 
maximum reading on the meter. You then read the dial 
on the capacitor, which was calibrated in frequency. It 
wasn't super accurate, but it was usually as good as 
anything the FRC (the predecessor to the FCC) had at 
the time, so having a wavemeter went a long way 
toward keeping you out of hot water with the feds. 


Quartz Crystal Oscillators 

One of the most significant discoveries in all of elec 
tronics was the quartz crystal. The quartz crysta 
oscillator, for the first time in radio history, allowed 
not only precise frequency control of radio transmit- 
ters, but accurate frequency measurement as well. 


Frequency Measurement Tests 

The possibility of accurate frequency control was 
such an exciting development that it wasn't long 
before Radio Amateurs used it as a basis of competi- 
tion. Frequency Measurement Tests sponsored by the 
ARRL and many other local amateur organizations 
abounded, and this really drove Amateur Radio into 
a new level of scientific contribution and technical 
sophistication. Frequency measurement tests still 
exist today and continue to be a challenge to hams' 
technical prowess. 


From Point A to Point B 


Now aside from generating large, crackling blue 
arcs and that fresh ozone fragrance that accompanies 
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them, one of the goals of Amateur Radio is to com- 
municate from Point A to Point B. One might be inter- 
ested in evaluating and quantifying just how well we 
are achieving that goal. 

Amateur Radio has a long and somewhat checkered 
past in this regard. Early measurements of signal 
quality consisted, essentially, of Radio Amateurs ask- 
ing one another, "Can you hear me now?" Can you 
imagine anything so antiquated and primitive? Oh, 
wait. Isn't there some rather well-known, major high- 
tech communications company that capitalizes on 
"Can you hear me now’? 

Well, to be perfectly fair, "Can You Hear Me Now," 
hereafter referred to as CYHMN, isn't all that bad a 
benchmark. CYHMN is, after all, the ultimate test of 
communications effectiveness, whether by drum- 
beats, smoke signals, lasers, or me trying to convey 
my affection toward the Cro-Magnon in charge of the 
service department that's held my car hostage in his 
garage for the past month. 

However, to really be able to contribute something 
to the radio art, we should be able to quantify 
CYHMN to some degree. We call this quantification of 
CYHMN signal reporting. 


Signal Reports 

Early in the game hams started using the RST sys- 
tem of signal reporting, namely: Readability, 
Strength, and Tone. Readability was on a scale of 1- 
5, and signal strength and tone were on a scale of 1- 
9. A "perfect" signal would have an RST report of 599. 

The Tone report has a particularly interesting his- 
tory. In the early days of radio, all of which was Morse 
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Code at the time, most hams were using rotary 
spark-gap transmitters, which rendered a "note" on 
the receiving end which was about as pleasant and 
musical as a chainsaw cutting through a urinal. As 
obnoxious as the racket was, the CYHMN factor was 
usually rather high. You usually heard the guy 
whether you wanted to or not. Of course the reverse 
was also true. 

With the advent of more readily available vacuum 
tubes came the radio frequency oscillator, which not 
only generated a much "cleaner" signal, but that sig- 
nal was more likely to be confined within some actu- 
al frequency limits (although from the earliest days of 
Amateur Radio, there were assigned Amateur bands). 
Those band limits were like highway-lane markers in 
Thailand, universally interpreted as something 
between a suggestion and a challenge. 

The clean (or rather cleaner) “note” was eventually 
deemed as something desirable, and the Tone report 
was added as an incentive toward technical advance- 
ment. It would be a long road toward a 9th level tone, 
however. Although many hams had discovered the 
vacuum-tube oscillator, very few of them had discov- 
ered the rectifier. Most hams were running raw, high- 
voltage AC on the plates of their precious new oscil- 
lator tubes. The resulting "note-de-rigueur" had 
advanced from Chainsaw-on-Porcelain Urinal (CPU) 
to Bronx Cheer With Whistling (BCWW)—significant 
improvement, but still decidedly flatulent-sounding. 
A BCWW signal was awarded a tone report of 1. 

As more and more hams discovered how to rectify 
and filter high-voltage AC to obtain clean high-voltage 
DC, the notes became cleaner and cleaner, with grad- 
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ually less superimposed AC hum. Nowadays, all com- 
mercially made transmitters easily achieve a T9 (no 
trace of power-supply ripple), but it was a major big 
deal to do it 70 years ago. 

The Readability report was relatively subjective, but 
could generally be related to "percentage of copy." In 
other words, if you copied everything 100%, you'd 
have an R65 report, and if you copied 20 out of 100 
words you'd have an R1 report. Of course, conditions 
well outside the control of the radio operators played 
a big role in this, so it wasn't necessarily an indicator 
of one's technical prowess, unlike the Tone report, 
which was entirely so. 

So now we are left with the matter of Signal 
Strength, the S report. In the early days of radio, you 
relied on your ears to tell you pretty much everything. 
An S1 signal was one you could barely hear, while an 
S9 signal was really loud. Like CYHMN, it was a pret- 
ty adequate system for getting the job done, but it 
didn't do much for the science. 

One of the big shortcomings in using your ears for 
determining signal strength is that they are easily 
deceived by the presence of noise, always a major fac- 
tor in radio communications. This deception arises 
not because your ears are bad at processing signals 
mixed in with noise, but, on the contrary, because 
they are so good at it! Nothing comes close to the 
human ear (and brain) when it comes to extracting 
useful information buried in heaps of gobbledygook. 
Because of this, you generally will perceive a weak 
signal, if it's in the presence of roughly equivalent 
noise, as being much stronger than it actually is. 
This is the "auto-correlation" function, something 
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your ear is astonishingly good at. Things that "make 
sense" are automatically perceived as louder than 
random signals. There isn't a digital signal processor 
in the world that can do this as well, though engi- 
neers keep on trying. 

The difference in signal strength between a radio 
signal that will blow the front panel off your receiver 
and one that is truly buried in the noise is immense— 
typically over 100 dB, or a power ratio of 10-billion to 
1. We loosely refer to this ratio as "dynamic range." 
Astonishing as this is, it still falls comfortably within 
the dynamic range of the human ear, typicall 
around 145 dB, or more if you can stand the pain z 
the top end. 

How good is your ear for estimating relative RF 
signal strength? Let's ignore the noise factor for a 
moment. We already know that the ear is logarith- 
mic in nature. A 10-dB increase in audio power (a 
10:1 power ratio) is detected as a mere doubling of 
perceived loudness, throughout most of the ear's 
dynamic range. Therefore, your ear has a sort of 
built-in automatic gain control. Assuming a receiv- 
er is linear, that is the audio output power is exact- 
ly proportional to the RF input power at the anten- 
na terminals, we will have a pretty hard time telling 
the difference between a 1000-watt station and a 
500-watt station. In fact, the difference will be 
barely discernible. 

Now most hams have automatic gain control acti- 
vated on their receivers, which generally has a loga- 
rithmic response similar to the human ear. What this 
means is that added together, we need about a 20-dB 
change in signal strength to perceive it as a doubling 
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(or halving) of loudness. The bottom line is that in a 
typical ham situation the ear is just about worthless 
for telling us about relative signal strength. 

Just for good measure, let's put in the ear's weak- 
signal noise processing, which further masks the 
loudness variability at the bottom end. This makes 
the ear less than useless for signal-strength meas- 
urements, at least in most ham shacks. 


The S-meter, AVC, AGC, and More 

Therefore, the S-meter was invented. A typical S- 
meter is designed so that an RF signal voltage is 
applied to the antenna terminals so you get an S9 
reading. Below S9, you have a 6-dB decrease between 
each S-unit. Above S9, you have another logarithmic 
scale, usually in tens of decibels. A signal over S9 is 
reported as "10 over S9," or "20 over S9," and so on. 

Of course, this sort of begs the question: If an S9 
iignal traditionally was "as strong as you can get," 
what, pray tell, does 30 dB over S9 mean? Thirty 
decibels stronger than the strongest you can get? 
Hmm... It's just this sort of convoluted logic that 
gets us hams in trouble. 

Well, it's not quite as bizarre as it seems at first. 
Somewhere in relative recent radio history, after they 
discovered just how huge 
the dynamic range of radio 
signals can be, they invent- 
ed a thing called an auto- 
matic volume control (AVC) 
or automatic gain control 
(AGC). The purpose of this 
was to massage the signal 
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levels of most anticipated received signals into a rea- 
sonable range of output volume. Not only did this 
make it so the operator didn't have to constantly 
twiddle the volume control, but it allowed an S-meter 
to have a more operator-friendly scale. Without AGC, 
the majority of weak signals would barely make the 
needle move off the bottom pin, while stronger ones 
would slam the needle against the top pin. 

An S9 signal was redefined as a "medium strong” 
signal, above which no real improvement in commu- 
nications would be observed. 

A few manufacturers played around with a thing 
called "delayed AGC," where the AGC would not actu- 
ally “kick in" until an S9 signal was achieved 
Personally, I kind of like delayed AGC, especially fc 
weak-signal work, where I don't care how strong the 
signal is; I just want to hear it, but | don’t want my 
eardrums imploding if the guy next door fires up his 
Kalifornia Kilowatt. Another variation on the theme 
was “hang AGC," which was sort of a reversed 
delayed AGC. In hang AGC, once the AGC kicks in it 
stays kicked in for a few seconds. It's sort of nice if 
you work mainly strong, local stations. 

Thus, how useful is an S-meter for measuring sig- 
nal strength anyway? After all, you have so many 
variables to work with, and 
most of those are hugely {[— 
variable. Let's look at a 
laundry list: 

ERP on the other end of a 
contact is the product of 
the other guy’s transmitter 
and his antenna gain in 


Electrons are 
blue.... 


KA 
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your direction. It can range from milliwatts to kilo- 
watts. (If we arbitrarily assign a maximum forward 
gain of 10 dB for a typical HF antenna installation, 
one legally could have an ERP of 15,000 watts! Now 
a 10-dB gain antenna is a very respectable "death 
ray" for any HF station antenna, but by no means the 
biggest monstrosity in existence. There is no legal 
limit on ERP for hams, but let's put it at 15,000 
watts, just for simplicity.) At the bottom end, let's put 
a minimum ERP of 1 milliwatt, although many hams 
have communicated with far less. Therefore, between 
a "big gun" and a "pipsqueak” station, we can have an 
ERP difference of 15,000/.001, or a ratio of 15-mil- 
lion to one (about 71 dB). 

Receive antenna sensitivity (gain). On the receiv- 
ing end, we can have vast variations in antenna sen- 
sitivity as well. Assuming we're using an antenna of 
ome sort (not always a decent assumption), we can 
lave an antenna gain ranging from that of an isotrop- 
ic radiator to perhaps one of 10 dB or more. Probably, 
on an average, most antennas hams use for reception 
(at HF frequencies, at least) are approximately equal 
to a dipole, about 2.1 dB over an isotropic radiator. 
Again, this is just an average guess. However, just to 
give ourselves something to grasp at, let's say we 
have a _ typical receive 


variability of around 12.1 
dB. Add this to our trans- 
mit ERP variability, and we 
have 82.2 dB of range to 
deal with. I'm probably 
being a bit overly conserva- 
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tive here. But wait! We haven't even considered the 
path between the receiver and transmitter! 
Path-loss variables. This is probably the greatest 
factor of all. The guy you're listening to can be next 
door or he can be in Senegal. (Or if you happen to be 
in Senegal, he can be way over here). Out in free 
space, where things are predictable, signal strength 
will drop off as the inverse square of the distance. We 
therefore will see a huge variability in signal strength 
versus distance for guys who are fairly close, but 
curiously enough, the farther away they get. the less 
quickly things change. However, as we elaborated in 
Chapter 17, “Bent Radio,” most of us hams aren't in 
outer space (at least in the physical sense). The path 
loss through the ionosphere (above and beyond the 
free-space loss) can range from infinite to almost 
none. One notable condition of infinite attenuation is 
when you're above the critical frequency: Every last 
morsel of RF energy transmitted goes clear out into 
space. At the other extreme, we occasionally have 
really nice stable ionospheric conditions that act 
almost like a mirror; these are truly joyful conditions 
under which to operate; every signal is loud. It should 
be noted that there are some claims of instances of 
skywave propagation that show less than the theo- 
retical free-space loss 


between the transmitting 
and receiving station—in 
other words, actual gain If you think 
through the ionosphere. I that's true. ... 
have yet to observe this 
actually happen, and with- 
out violating Maxwell's & 


KA 
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Equations, this clearly should be impossible. Of 
course, strange things happen out there, but when 
something "new" seems to violate known physical 
laws, it's a good time to question your measurement 
techniques. That's what this whole chapter is about, 
anyway, isn't it? 

Thus, if we add an infinite range of possible signal- 
strength variation due to path loss to our previously 
calculated 82.2 dB, we come up with infinity + 82.2 
dB of dynamic range to deal with. which is pretty 
much the same as infinite. That's a lot of dynamic 
range. If] remember correctly, the S-meter on my old 
Hallicrafters SX-100 went up to S9 + 80 dB). Until we 
threw that persnickety ionospheric path-loss variable 
in there, my old boatanchor could actually handle 
just about any dynamic range one might encounter 
on the shortwave bands! 


Ionospheric Path Loss and Signal Reports 

Now this brings up a real conundrum. The general 
motivation for giving signal reports in the first place 
is so that the guy on the transmit end might evaluate 
the effectiveness of his station, and thereby make 
improvements as necessary (or possible). However, by 
far the greatest variable in the equation is the ionos- 
pheric path loss, some- 
thing over which neither 
one of you has any control 
whatsoever. It is what it is, 
right? So what's the point? 

How you answer this 
question tells us almost 
everything about why 
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you're in the hobby in the first place. The vagaries of 
the ionosphere can be considered just another pain 
in the posterior to contend with as we attempt to 
communicate from Point A to Point B. You can view 
the ionosphere as a rusty link in your well-forged 
chain of "communications." It's that one nagging, 
annoying temperamental glitch in your otherwise 
orderly, sterile, porcelain, and stainless-steel world, 
something you'd just rather not have to think about 
at all. 

On the other hand, it just might be the most fasci- 
nating subject on the planet, the one thing for which 
you live and breathe as a Radio Amateur, a lover of 
radio. It is the thing you long to understand, yet wit! 
every level of understanding, you know there a 
more layers to uncover, more depths of subtlety t 
plumb. Anything you possibly can think of "saying" 
over your radio pales in insignificance when com- 
pared to the magic and mystery of how that otherwise 
pointless conversation gets from Point A to Point B. 
Your radio is a mere scientific instrument with which 
to play with the ions. If what you call "communica- 
tion" happens as a by-product of that, well, more 
power to you. 


be Fenker 


CHAPTER 22 
The YL 


Well, we've put off this chapter for as long as possi- 
ble, knowing that sooner or later we’d have to make 
the inevitable leap. 

Despite the fact that for the most part we've referred 
primarily to boys and men in this literary master- 
piece, there are some females involved in the hobby. 
Notice the operative word some. It almost goes with- 
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out saying that if you're reading this, you're a guy. 
We'll address the rare exceptions later. 

If Amateur Radio advertising literature was ever to 
be believed, a ham radio antenna on your car or 
house is an irresistible “babe-magnet.” Let me supply 
a news flash: They lied. 

Radio Amateurs were nerds before the word was 
invented. Having an Amateur Radio license in high 
school is social suicide. You'd fare better with the more 
delicate gender by wearing green plaid bell-bottoms 
and a Nehru jacket than by sporting a T-shirt with 
your callsign on it. You will be derided by the really 
cool guys in the chess club. That girl you've been eye- 
balling—yes, the one who comes to class dressed like 
Officer Uhura—will look down her cute little nose at 
you. Pick up your attaché case and take it like a man. 
Remember what Bill Gates said: “Be nice to nerds; 
sooner or later you'll end up working for one.” 

Now in all fairness, it may be that after you’ve been 
in the hobby for a while, you might actually meet a 
female Amateur Radio operator. Such a person is 
kmown as a YL in ham lingo, short for Young Lady. 
There is a variety of the YL, the XYL, which is a mar- 
ried female ham. For the most part, you will find a YL 
to be as dedicated to the hobby as anyone. She will 
be competent, passionate, 
and intelligent. 

In order to really under- 
YLs, yes stand this, you have to put 
yourself in the YL’s shoes, 
which may be a lot smaller 
than yours to start with, 
=n) but give it a try anyway. Go 


special... 
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to a ham radio club meeting and see if there's any- 
thing you'd want there. (If you do, you already have 
some issues The Opus of Amateur Radio Knowledge 
and Lore isn't qualified to deal with.) 

As a YL, often you have your choice of skinny nerdy 
guys or old fat bald guys, and little else in between. 
Worse yet, the old, bald fat guys are rather quickly 
outnumbering the skinny, nerdy guys these days. 
This must be extremely discouraging for any YL. At 
least the skinny, nerdy guys have some future poten- 
tial. The old, bald fat guys are—well—old, bald, and 
fat. There are exceptions, of course. 

All of this simply means that a YL is certainly not in 
the hobby for the men. This is probably a good thing 
at least for her. It sucks for you, however. Well, mayt 
not. You aren't in the hobby for the women, eithe 
are you? 

This brings up a very interesting point. Since we can 
usually rule out male Radio Amateurs as a compelling 
factor in bringing desirable women into the hobby, we 
have to conclude there’s some other unseen attraction. 
Could it be that a number of female humans actually 
like ham radio for exactly the same reason that we 
males do? Is it possible that a minuscule contingent of 
the female species find the aroma of ozone and 
charred resistors as well, 
irresistible as we do? Dare 
we hope to believe that a 
certain proportion of women 
consider the sound of CW 
filtering through 40-meter 
static as sensuous as the 
dulcet voice of Barry White? 


A rarity by 


fatiya- 
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Now let us take a moment to address the YLs (or 
potential YLs) directly. 


Why You'd Want To Be A YL 

If you aren't one already, you need to know that as 
a female Amateur Radio operator, you will be a rarity 
indeed. Hams of any gender are a fairly small seg- 
ment of the population as it is. I'm not sure what the 
actual statistics are, but I believe your numbers will 
be between five- and 10-percent of the total ham pop- 
ulation. (The older callbooks used to have statistics 
on YLs. | think you can still get the numbers if you 
dig around enough). 

Therefore, if you're looking for a popularity contest, 
you have two strikes against you. If you're reading 
this, you may already be a nerd to start. Secondly, 
there just aren't many of you around for company. 

Now on the positive side, unlike the corporate 
world, where women have had a never-ending uphill 
battle against discrimination, Amateur Radio has 
always been wide open for women. Of course, the fact 
that you can’t get paid anything for being a Radio 
Amateur does make it a little different from the cor- 
porate world. However, if it’s any consolation, we 
don’t get paid either. The bottom line is this: Amateur 
Radio has always wanted 
women more than women 
wanted Amateur Radio. 

Of course, some of this is 
simply due to the fact that 
we like the sound of female 
voices on the air once ina 


= while. However, there’s 


Competent, 


passionate, 
That’s who you 
are.... 
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also some genuine nobility to be found, as well. 
Amateur Radio is the best free technical education 
you can get on the planet, by far. You can get on the 
air and step around the old, fat, bald guys and their 
medical-procedure discussions (“organ recitals” as 
I call them), and get to the real core of the hobby— 
worldwide radio communications . . . the entire 
planet at your fingertips. 

Never forget that as a Radio Amateur, you set your- 
self up for a real job, as well. Don't forget Bill Gates’ 
words of wit and wisdom. He got a lot of things 
wrong, but he got this one right. As a nerd, someone 
will be working for you, someday. Count on it. 

For many decades QST magazine carried a column 
“YL News and Views.” I suppose such a gender-spe- 
cific column would be considered politically incorrect 
now, but the message would be the same. Amateur 
Radio needs YLs. 

The bottom line is this: Despite the hobby being full 
of men, it’s still a great hobby for women. We need all 
the help we can get. 

It's probably reasonable to assume that current 
YLs are probably the best resource for recruiting 
potential YLs. As a YL, you have an extra responsi- 
bility to be an Elmer (or is that an “Elmira”?) to 
prospective hamesses. You 
know what worked for you 
and what didn’t. 


Ham radio needs 


What YL’s are Better At 
Now we come to the real- 

ly fun part of this chapter. 

Relatively recent studies 


you... 
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of human neurology and such reveal that YLs are 
probably much more suited to many of the things we 
do as radio amateurs than us (us referring to non- 
YLs). One of the startling differences between YL 
brains and OM brains is the much thicker cable 
between the left and the right halves of the YL’s brain. 
Men have something like a 1200-baud dial-up 
modem between their two brain hemispheres; women 
have a permanent OC-48 fiber-optic link between 
them. What this means is that YLs are much better 
suited to making free-association discoveries, or what 
we would call non-sequential logic. 

You see, tradionally science has been extremely 
compartmentalized. We've been taught to analyze the 
daylights out of a thing, and then when that’s done, 
move on to the next thing, never referring to the pre- 
vious thing again. Intentionally or not, we have been 
trained to overlook the connections between the 
things in question. We miss crucial connections all 
the time. There is very little cross-referencing in sci- 
ence-as-usual. 

Certainly, intuitive leaps of logic occur from time to 
time, by both genders, but there’s very little in our 
educational system to cultivate this. Einstein said, 
“Imagination is more important than knowledge.” | 
think we all sort of acknowl- 


tional systems aren't 
equipped to do anything 
about it. 

Now even though our edu- 
cational system may not be 
cut out to handle this reve- 


The Opus of Amateur Radio Knowledge and Lore 259 


lation, Amateur Radio is, and quite uniquely so! 
Amateur Radio is an ideal entry point into both the 
hard sciences and the more “social” sciences. These 
vastly different worlds could definitely benefit from a 
wider pipe connecting them! 


Robbing the Cradle 

Amateur Radio will do well to recruit not only more 
YLs but even more so to recruit young YLs. I suppose 
those would be YYLs. Young girls are much better at 
math in grade school than boys, but lose their edge 
in later high school years. This is probably more du 
to lack of encouragement than any physiological rez 
son. (There is some evidence that this may be a par- 
ticularly Western phenomenon). At any rate, we need 
to encourage girls to use their math skills throughout 
their secondary education years, and beyond. Not to 
mention that having a hobby like ham radio could 
help them keep out of trouble. (On the other hand, 
boys will find ways to get in trouble no matter what 
other options are available, so if you manage to keep 
them alive until their adult years, you're doing better 
than average!) 


I'm sure there's a lot more to say on the matter, but 
I will close in saying that YLs are going to be a key 
part in keeping ham radio 
alive well into the future. 


Tr 
Be féoter 


CHAPTER 23 


The Dipole: An Elementary 
Ether Wobbler 


Some things never change. One may wonder why 
ACT Ill of Opus, which primarily deals with the 
future of ham radio would dedicate a whole chap- 
ter to something as mundane and fundamental as 
a wire dipole antenna. Well, regardless of how 
advanced our radio technology gets, when it comes 
to flinging a radio signal across the street, or across 
the galaxy, you start by wobbling electrons around 
a piece of wire. Despite our vastly increased knowl- 
edge of all things, there is still a great deal of con- 
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fusion about the simplest things that make radio 
work. We will fix that (I hope). 

Any piece of wire with a radio-frequency alternating 
current flowing through it will put a radio signal into 
space. As a general rule (of which we will discuss cer- 
tain stipulations later on), the more of that wire we 
have hanging out there, the better it will be at radiat- 
ing signals—i.e., wobbling the ether. 

It's a sad fact of life that the bottom line of how 
well any antenna wobbles the ether is in nearly 
direct proportion to how much copper (or other 
increasingly precious metal) one has available to 
dangle out there. As one sage once quipped, 
“There's no free lunch.” Nowhere is this truer than 
when it comes to antennas. 

There is one particular case of the ether-wobbling 
wire known as the half-wave dipole, or just the 
dipole. Like many other unmerited idols in Amateur 
Radio, the dipole somehow has mysteriously 
achieved an exalted status in the antenna “busi- 
ness.” Contrary to much folklore, the dipole is nei- 
ther any better nor any worse at wobbling the ether 
than any other piece of wire. On the whole, the 
dipole is better at wobbling the ether than wires 
that are shorter than it, and not as good as wires 
that are longer than it. The dipole merely repre- 
sents one minuscule point along the continuum of 
ether-wobbling goodness. 

If there's one thing that is somehow “special” about 
the dipole, it’s that it is, perhaps, a tad easier to ana- 
lyze than many other antennas. It is for this reason, 
and this reason alone, that we will spend a little extra 


time dealing with the dipole. 
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Before we continue, however, I want you all to 
repeat after me, out loud, three times: 


THERE IS NOTHING SPECIAL ABOUT A DIPOLE. 
THERE IS NOTHING SPECIAL ABOUT A DIPOLE. 
THERE IS NOTHING SPECIAL ABOUT A DIPOLE. 


Now I realize that’s not quite as poetic as “There's 
no place like home,” but as you'll soon see, it will be 
a lot more practical. 

To get us thinking in the right direction, let's imag- 
ine a radio frequency AC alternator putting out 100 
volts AC at 7.1 MHz, the bottom part of the 40-mete 
Amateur band. This alternator has essentially zerc 
output impedance—that is, it can power just about 
anything we can hang on it. Our alternator has one 
magical property: It can automatically compensate 
for any value of reactance it “sees.” Remember ELI 
the ICE man in our discussion of phase shift? Our 
magical generator will always keep ELI the same as 
ICE, no matter what. (In the power generation busi- 
ness, this is known as automatic power factor cor- 
rection). The reason we want to keep ELI the ICE man 
happy, is because that is the condition under which 
we will have maximum antenna current flowing, 
regardless of what else changes. 

Let’s put an RF ammeter right at each terminal of our 
magical generator. On the outside of each ammeter 
we'll attach a collapsible whip antenna sticking out 
horizontally from an ammeter. These collapsible anten- 
nas are also magical; they can range in length from 
nothing to infinity. They also have no electrical resist- 
ance; in other words, no heat is generated in them. 
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Let's stretch each antenna out about six inches and 
power up our alternator. Yikes! We see that our 
ammeters are both pegged! We have huge currents 
flowing! Ohm's Law tells us that we have to have very 
low resistance for this to happen. Well, we already 
said that our antennas have no electrical resistance. 
However, it also looks like we have an open circuit, 
because the ends of our antennas aren't connected to 
anything! How can we have any current flowing? 

As small as our antenna is, it still has a finite size; 
it is a measurable percentage of the wavelength of the 
radio signal. When we talk about “normal” circuits, 
we always assumed the dimensions of the compo- 
nents were insignificant in terms of wavelength. We 
call our well-defined capacitors, inductors, and resis- 
tors “lumped constants.” It was inconceivable for a 
circuit to be deemed “complete” with one terminal 
dangling in space. 

Not so with antennas. The “completion” of the cir- 
cuit comes about because of the time delay it takes 
for the currents to travel down the conductor. A pair 
of infinitely long parallel wires, open at their far end, 
will draw current from a generator at the input, even 
with there being “nowhere for it to go.” 

Now our antenna is not infinitely long (yet), but the 
principle applies. Because of propagation delay, we 
have things happening at one point on an antenna 
that aren't happening at another. This is very differ- 
ent from a “normal” circuit on the bench, where 
everything happens at the same time. 

With the above in mind, let’s return to our very 
short antenna. We have a lot of current flowing 
because our radiation resistance is very, very low. We 
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also have (almost) what we call an isotropic radiator. 
The antenna radiates just about equally in all direc- 
tions. A true isotropic radiator has to be infinitely 
small, which our antenna isn’t quite. 

Well, let's stretch our antenna another 6 inches. 
Aha! We see that the ammeters are almost pinned, 
but not quite. Is it safe to assume that our radiation 
resistance has increased a bit? Certainly. Ohm's 
Law doesn’t go away just because we have an 
“unlumped” circuit. 

Let’s add another 3 feet to each whip. We could con- 
tinue to do it in 6-inch increments, but we want to be 
done with our experiment some time this week. Ahh. 
We notice that the current has dropped even further’ 
A trend is developing. Ve-e-r-r-y interesting. In fact 
we now have an actual, usable, on-scale reading o 
our ammeters. Perhaps we can actually calculate the 
radiation resistance! Remember our generator is put- 
ting out 100 volts no matter what. Let’s say we're 
reading 100 amps 


. E/T = R, so we may reasonably 
conclude that our 


radiation resistance is about an 
ohm. (This is actually a reasonable figure for a 6-foot 
antenna on 40 meters) 

Let's gradually increase the length of our antenna 
in 3-foot increments (or 1-meter increments, just to 
be in vogue). We will find the current continues to 
decrease and the calculated radiation resistance 
increases. Now something else has been happening 
that we wouldn't have noticed. The radiation pattern 
“squashes out” a bit. We have more signal broadside 
to the wire and less off the ends. We begin to see a 
classic “doughnut” pattern of a wire antenna. 

Let’s keep stretching our magical whips in 1-meter 
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increments and plot the results on some graph paper. 
Ooh! Guess what? We see a funny-looking curve. 

Now let's pause for a moment as our antenna 
reaches 20 meters in total length. This is a half- 
wavelength at 7.1 MNz, plus or minus some spare 
change. What do our ammeters read? How does 
1.38 amperes grab you? Going back to Ohm's Law, 
we come out to 72 ohms, the impedance of a half- 
wave dipole in free space. 

So far, we haven't really looked into the magical 
guts of our alternator, the ones that keep ELI and ICE 
equal. Up until now, our antenna has looked like the 
ICE man, always having capacitive reactance, but 
decreasingly less as our antenna has been lengthen- 
ing. We can assume that our magical generator had a 
lot of ELI (inductance) to start with, and decreasing- 
ly less as our antenna lengthened. At one-half wave- 
length, our magical alternator no longer has to add 
any inductance to achieve maximum current. 

Perhaps you've noticed one thing that bothered 
you, Remember we started out with 100 volts out of 
our generator and ended up with 100 volts, 
although our current has been constantly decreas- 
ing. Where does the power fit in all this? According 
to the power formula, P = IE, our power has contin- 
uously decreased as we stretched our antenna. 
Something doesn't add up! 

Well, here's the answer. In the real world, we would- 
n't have a constant 100 volts at the feed point. We 
only kept that a constant so we conveniently could 
calculate our radiation resistance. In reality, our gen- 
erator voltage will be highly dependent on the imped- 
ance of our antenna. In the “real world” we'd general- 
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ly apply a certain power to our feedpoint and let the 
voltage and current fall where they may. 

Well, we have only briefly paused at one-half wave- 
length. It's merely a scenic point, not a final destina- 
tion! Let's move on and see what happens. 

As we continue to stretch our antenna, we find that 
our radiation resistance continues to increase. We 
also find that our radiation pattern squashes out 
even more—in other words, our antenna continues to 
have more gain, at least in the broadside direction. It 
loses ground in all other directions, however. 

As far as our magic alternator is concerned, ELI the 
ICE Man has had to change roles. Our antenna now 
has more inductance than needed, so the generator 
has to add some capacitive reactance in order to 
maximize antenna current. 

Our radiation resistance will continue to increase, 
which in the real world actually is a good thing. The 
reason for this is not too hard to grasp. Unlike our 
magical whips, real antenna wires have actual elec- 
trical resistance. We want this to be a small percent- 
age of the total resistance for an efficient antenna. 
The larger the radiation resistance compared to the 
Wire resistance (which is relatively fixed) the more 
we're going to wobble the ether, and the less were’ 
going to heat up our copper. 

Another thing starts happening as we stretch our 
antenna much beyond a half wavelength, however. 
We start developing multiple lobes in the radiation 
pattern. Our maximum radiation will no longer be 
broadside to our antenna. Depending on our final 
goal, this could be a good or a bad thing. With a little 
fancy footwork, however, we can keep a single-lobe 
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antenna pattern up to about a wavelength-and-a- 
quarter. This is called an “Extended Double Zepp,” 
the highest incarnation of the lowly dipole. An EDZ 
antenna has about 3 dB of gain over a dipole, which 
is actually pretty respectable for a simple antenna. 
We need a small assist from ELI to make the EDZ 
work properly, as it shows some capacitive reactance 
by itself. 


How Big is My Antenna? 

These days many hams find that the space neces- 
sary to stretch out a hunk of copper is just as pre- 
cious as the hunk of copper itself. In the preceding 
paragraphs we've shown that more wire is better than 
less wire. However, due to geographical limitations, 
it's sometimes impossible to stretch out much wire in 
a straight line. Thus the question arises, is a bent 
wire the same as more wire. To answer this question, 
we will introduce a new concept, one which we will 
call “virtual antenna length,” or VAL. 


Virtual Antenna Length (VAL) 

You've probably not seen this term published 
before, and although not purely scientific, a lot of 
practical experience will show that it's a good rule of 
thumb. Let's say we've put up a wire antenna with a 
few zigs and zags in it. Let’s also assume the zigs and 
zags are in the same plane. It gets a lot more compli- 
cated if you have both horizontal and vertical zigs and 
zags, for instance. We don't have a good rule of 
thumb for those instances. 

Anyway, let's say you have an antenna that looks 
like a symmetrical W lying on its side. Placing your 
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eyeballs in the same plane as the W—in other words, 
looking edgewise at the monstrosity—walk around 
the antenna until you see the longest overall dimen- 
sion. Geometrically, this will be called the longest pro- 
jection of the object in its plane. In this case, if you 
attached a string to the two endpoints of the W, the 
length of the string will be your Virtual Antenna 
Length, which in this case, of course, is a lot shorter 
than the wire making up the W. You will find that the 
radiation resistance will be very close to the radiation 
resistance of a straight wire of the same VAL. And, of 
course, lots of radiation resistance is what we're gen- 
erally looking for. 

Again, this is a rule of thumb, but it’s a fairly good 
“first shot.” 

The obvious question now is why would you put 
all that wire out in a W shape when you can Jus 
replace it with a shorter wire of the same VAL? Th 
generally is done to keep ELI the ICE Man happy. 
You can add inductance to an antenna by zigging 
and zagging, even though it doesn’t help your radi- 
ation resistance any. This is sometimes called “lin- 
ear loading,” although the loading isn’t necessarily 
in a line, Although it’s questionable whether linear 
loading is any more efficient than high-quality load- 
ing coils, it’s extremely easy to implement, especial- 
ly since you're already wandering through the 
woods with a spool of wire. 

The bottom line to wire antennas is to try to get as 


high a VAL value as possible. I hope you see the value 
of this. 


CHAPTER 24 


Tube or Not Tube: 
That is the Question 


All things old are new again... or all things new 
are old again . . . or something like that. 

No book about Amateur Radio, much less a book 
about Amateur Radio lore would be complete without 
a discussion of electron tubes. These glowing globes 
were the workhorses of all electronics equipment for 
most of the last century, and still have a secure posi- 
tion in modern Amateur Radio, as well as industry. 

The electron tube—alternately known as the 
valve in Great Britain, the lamp in France, and just 
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plain tube in a lot of other places—represents a 
surprising level of mechanical, chemical, and elec- 
trical engineering. It was the most sophisticated 
piece of hardware produced in the early part of the 
20th century, except for perhaps the precision 
pocket watch. 

In most of this chapter we're going to mainly be 
talking about one particular variety of electron tube, 
the vacuum tube, a term which has often been used 
interchangeably but somewhat inaccurately, with 
electron tube. Be that as it may, it is a fascinating 
device in any form. 

Recall that in our introduction to the electron, we 
dealt with electrons in conductors. We demonstrated 
that although electrical energy in a conductor travels 
at nearly the speed of light, the actual electron move- 
ment, or electron drift, is painfully slow. 

Not so with the electron tube. The electron tube is 
full of free electrons, which can, indeed, travel near 
the speed of light. You might be asking yourself how 
a vacuum tube could be full of anything, which is 
probably a good question. Vacuum is a relative term, 
in this case, but be assured, there is indeed very lit- 
tle inside a vacuum tube. 

Although the free electrons in a tube can move very 
fast, in most applications we keep them somewhat 
below the speed of light. They are non-relativistic elec- 
trons, meaning they behave pretty much as mere 
particles, and for the most part, follow the standard 
mechanical laws of Newton. This is a good thing, 
because vacuum tubes are complicated enough as it 
is. There are "tubes" of sorts that indeed use rela- 
tivistic electrons, such as the free electron laser, but 
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you won't see many of these around the average ham 
shack. 


Thus, with that background, let's get started. 


Getting Started . .. Electrons First! 

The first thing we need is a bottle of free electrons. 
A light bulb is actually such a device. An incandes- 
cent filament in a glass bottle will "boil" off a certain 
number of electrons. The problem with a light bulb, 
however, is that there's a lot of other stuff that gets in 
the way of our electrons. Our free electrons need a 
clear path to work in, and in a typical light bulb you 
don't have that. You have a lot of Argon atoms clog- 
sing up the works. They put Argon in light bulbs to 
prevent oxidation of the filament, which is supposed 
to make the bulbs last a long time. Obviously, that 
doesn't work, so it must be a conspiracy of the Argor 
companies to sell a lot of Argon. Be that as it may, we 
have to work with our light bulbs a bit to make them 
suitable free-electron bottles. 

The first thing we need to do is create a hard vacu- 
um. It's called a hard vacuum because it's very hard 
to do. We need to get every atom (or ion) we can out 
of the thing, which you can't do by just sucking on a 
straw. There's a three-step process. 

The first step is to use a mechanical vacuum pump 
to get the pressure down as far as possible, and then 
you use a diffusion pump to get the pressure down 
even further. Don't ask how a diffusion pump works; 
| don't even think the guy who invented it knows. 
They're weird-looking things that sort of resemble a 
percolator wrapped with a tornado-shaped coil of 
stainless-steel tubing. Anyway, with your diffusion 
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pump you can get the pressure down to something 
like what you have in intergalactic space. The last 
step is to seal off the tube where you put the sucker- 
doodle in, and then you fire off the getter. The getter 
is a little ring of a very reactive metallic compound, 
which reacts with any remaining ions inside the tube, 
and deposits the results on the glass envelop, in a lit- 
tle silvery spot. The getter is “lit” by means of a radio- 
frequency induction heater placed outside the tube 
near the getter. This process itself is actually very 
advanced; it was probably the first industrial appli- 
cation of anything resembling the microwave oven. 
The getter will continue to pick up stray ions for the 
life of the tube (in theory). 

So now we have a light bulb with a hard vacuum, 
vith lots of elbow room for those electrons to strut 
cheir stuff. Ah, but how do we get electrons in there in 
the first place, since the tube is hermetically sealed? 

Well, the best source of electrons is in the metal of 
the filament. When the filament gets white hot (or 
actually just sort of reddish-orange hot in most tubes), 
you actually boil electrons out of the metal. Well, per- 
haps boil isn't the best word, but it's pretty descriptive. 

If you recall Chapter 17, "Bent Radio," we learned 
that in the ionosphere gas atoms are ionized by get- 
q ting hit with ultraviolet 
| radiation from the Sun, 
which slaps the electrons 
out of orbit around those 
atoms. In a vacuum tube 
it's heat that slaps the elec- 
trons out of orbit. This 
process is called thermionic 


To tube or 
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emission, because the metal out of which the filament 
is made is ionized by heat. It's actually a rather com- 
plicated process (and a somewhat noisy one, we 
might add). The main difference between a vacuum 
tube and the ionosphere however, is that in the tube 
the ions are held firmly in place because they are in 
solid form. The ions can't wander off like they can in 
the ionosphere. 

Now we have all these electrons free of their metal- 
lic atoms. Since they all are negatively charged, they 
all repel one another. Ordinarily, because of the 
mutual repulsion, the electrons would quickly fill the 
whole "bottle." However, they don't. 

The reason is because now that the metal filament is 
ionized, it has a net positive charge, which tends to 
pull the electrons back toward themselves. Therefore 
just as the ions in the ionosphere keep a sort of rei 
on the free electrons, the presence of the ionized fila 
ment keeps rein on the free electrons. Actually it keeps 
a tighter rein on the free electrons, because, as men- 
tioned above, the ions are in a solid state. As in the 
ionosphere, some of these free electrons recombine 
with their metallic mother ships; others are continual- 
ly boiling off. A state of thermionic equilibrium sets in, 


in which the average number of free electrons stays 
about the same. Hey, does- 


n't this sound an awful lot 
like the  electron-density 
profile of the ionosphere? That is the 

Now we have this mob of question.... 
semi-free electrons hover- 
ing around the filament. 
(Let's rename our filament 


KA 
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the cathode, because that’s a better electrical 
description of the element, while filament is more a 
physical description). This electron mob is called an 
electron cloud, and it has a net space charge. 
Sometimes space charge and electron cloud are used 
interchangeably, but to be really persnickety, the 
space charge is a property of the electron cloud. 

If you were able to poke a probe into the electron 
cloud, you could measure a minuscule contact poten- 
tial. Some tube circuits actually use this contact 
potential in a useful manner, but for the most part 
it's a mere curiosity. 

All righty then. Our one-element vacuum tube isn't 
particularly useful, except as a really lame light bulb. 
However, if we stick a metallic plate in the tube, a cer- 
tain distance from the cathode, and bring an electri- 
cal lead from the plate through the glass to the out- 
side world, we now can actually do something with 
our electron cloud. 


What to Consider Next 

Remember our ionized cathode has a net positive 
charge. Well, if we put an even bigger positive charge 
on our newly installed plate by means of a battery 
between the plate and the cathode, we can pull elec- 
trons away from the cath- 
=; ode to the plate. (In old- 
fashioned “radioese,” this 
battery is called the “bB” 
battery, and the voltage it 
supplies is called “B+” volt- 
age). These electrons actu- 
ally are absorbed into the 


A vacuum 
tube... 
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plate and conducted out of the tube to the positive ter- 
minal of the battery. They are then forced out the neg- 
ative terminal of the battery into the cathode to replen- 
ish the electron cloud. We now have a one-way electric 
valve, known as a diode. (Oh, yes, we should rename 
the plate the anode, because all of our tube elements 
should end with an “ode"). Electrons cannot flow from 
the anode to the cathode inside the tube, because the 
cold anode has no spare electrons of its own. 

Now there's an awful lot you can do with just a 
diode. It can be a power rectifier, a radio detector, a 
logic gate, a current limiter, a timer, and even an X- 
ray generator! 

Belore we get too carried away with our enthusi- 
asm, however, we need to know a couple more things 
about the diode. 

Remember we said that our electrons are non-rela- 
tivistic, meaning they follow the rules of Newtoniar 
Mechanics. Let's look into this a bit, because we have 
to understand this fact before we can move onto the 
next level. 

As with any particle, electrons have a finite mass— 
very small mass, granted, but very real nonetheless. 
They take time to accelerate from the electron cloud 
to the anode. You may remember from high school 
physics that F = MA (Force 
equals Mass times Ac- 
celeration). The force, in 
this case, is electromotive 
force, which comes in the 
form of plate voltage. This 
is the voltage we supply 
with our external “B” bat- 


Fascinating 


suggestion?... 
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tery. When a voltage is applied to the plate, the elec- 
trons slowly drift out of the electron cloud and accel- 
erate toward the plate. However, unlike gravity, the 
acceleration is not constant. There is a double- 
whammy here. The attractive force of the plate, fora 
given voltage, increases drastically as you get closer 
to the plate. Therefore, not only do electrons acceler- 
ate on their way to the plate, but their rate of accel- 
eration also increases during the trip! This actually 
turns out to be a very useful property; it just makes 
the math involved pretty hairy. 

Now let's talk about a new term, equivalent resist- 
ance. In the process of electrons hitting the plate, a 
certain amount of "friction" is involved. In fact, with 
enough current, the plate of a vacuum tube of any 
type can get very hot due to the electrons striking the 
surface. Actually, the plate can, under certain cir- 
cumstances, get hot enough to become a cathode, 
which is generally not a good thing. 

Several design features of tubes, however, prevent 
the anode from acting too much like a cathode, at least 
relative to the true cathode. First, cathodes generally 
are made of materials with high thermionic efficien- 
cy—that is, they emit lots of electrons at relatively low 
temperatures. Materials that do this are things like 
thoriated tungsten and bar- 
ium oxide. On the other 
hand, anodes are made (or 
coated with) materials that 
are really lousy thermionic 
emitters, such as graphite. 
They also are made much 
more massive than the 
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cathode, so they are unlikely to reach the same tem- 
perature for a given amount of heat dissipated. 

Because of the inefficiency (and subsequent heat- 
ing) of electrons being absorbed by the anode in any 
tube, there is an equivalent resistance through a 
diode, just as if it were a real resistor, This is pretty 
straightforward "ohmic" heating. 

But let's forget the complexity of the equivalent 
resistance for a moment. We can ignore the entire 
hairy math aspect and still grasp a very important 
thing about this electron acceleration. 

All we need to know is that the electrons start out 
very slow and end up very fast. If we can grasp that, 
Wwe can easily explain the next topic: amplification. 


Leveraging Electrons: The Triode 

Imagine for a moment that you're a lumberjack 
standing on a plateau above a valley. Your plateau 
starts to gradually roll off in front of you, almost 
imperceptibly, perhaps dropping only an inch every 
10 feet. Beyond that it slopes down a little more 
steeply, 2 inches every 10 feet. Beyond that, 3 inches 
every 10 feet. Beyond that, 4 inches every 10 feet. 
Five-hundred feet ahead, it's sloping down at a 45- 
degree angle. Half a mile ahead, it makes a vertical 
drop to the valley floor. 

You have a log you want to 
roll down the plateau. You 
give it a kick and it starts 
rolling down the hill, barely 
accelerating, because it's 
only dropping an inch every 
10 feet. It hits a 1-inch peb- 
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ble after rolling 10 feet and comes to a dead stop. You 
remove the pebble. The log starts rolling again, this 
time a little faster, It rolls right over another 1-inch 
pebble, but comes to a dead stop once again atter it 
hits a 2-inch pebble. You remove the 2-inch pebble. 
The log starts rolling again even faster. It rolls right 
over another 2-inch pebble, but comes to a dead stop 
when it encounters a 3-inch stone. You remove the 3- 
inch stone, and the log starts rolling again. Until it 
hits a 4-inch rock. 

Being the brilliant woodsman you are, you finally 
are able to conclude that the farther the log rolls, the 
bigger the rock you need to stop the thing. In fact, 
once the log reaches the vertical drop off, no boulder 
is big enough to stop it. 

The plateau you're standing on is your cathode. The 
valley floor is your plate. The log rolling down the hill 
is an electron. The gravity that wants to make the log 
roll down the hill is plate voltage. The pebbles that get 
in the way of the progress are your third tube ele- 
ment, the control grid. 

Actually, we could, in all good conscience, end the 
discussion right here, as we have described the prin- 
ciple of amplification completely. There is really little 
more to say on the matter. 

However, we _ probably 
should talk a little about 
the control grid anyway. 

If we insert another elec- 
trode between the cathode 
and the plate, we have 
what's called a triode. The 
=u) control grid can be in the 
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form of a screen, a helix, a zig-zag, or any other 
"porous" configuration. Its job is to act as a pebble in 
the path. The sooner it gets its job done—that is, the 
closer it is to the cathode—the more effective it is. 
Once the log—er ... the electron—builds up kinetic 
energy on ils way to the plate, the bigger that pebble 
has to be to slow it down. 

The way a grid slows down an electron (actually an 
electron mob) is that you apply a small negative voltage 
to it. This voltage is called a bias voltage. This small 
negative voltage repels the electrons back toward the 
cathode. If the grid is close enough to the cathode, it can 
completely cut off the flow of electrons to the plate with 
a small bias voltage. This condition is called, oddly 
enough, cutoff. If we move the grid farther toward the 
plate, we need more bias voltage to cut off the electror 
flow, because the electrons would have already bee 
accelerated a bit. You cleverly might have deduced tha 
the amount of bias voltage is equivalent to the size ot 
the rock. You would have been absolutely correct! 

So you see, the more speed the electrons pick up, 
the bigger the bias voltage necessary to stop them in 
their tracks. 

When the grid is very close to the cathode, however, 
we can control a very large amount of plate current 
with just a tiny amount of 
bias voltage. This is called 
amplification. A little signal 
controls a big signal. 


Next time 


Now calling this process salute.... 
amplification bothers lots 
of folks; it seems to be just 
the opposite. Our input 
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(bias) signal can only reduce the plate current, not 
increase it. 

The point to remember here is that the tube doesn't 
generate any power in the first place. Any power the 
tube "puts out” actually comes from our plate bat- 
tery. The purpose of the triode, then, is simply to 
"modulate" the plate current in accordance with our 
commands. We supply our commands through the 
control grid. 

Incidentally, since the control grid is negative with 
respect to the cathode, zero current flows through the 
grid. This means that the grid draws absolutely no 
power. We theoretically have infinite power gain with 
such a situation! 

As you might imagine, it's not so rosy in the real 
world, but you can still have incredible power gains 
with a triode. 

At this time we should mention that acceleration of 
electrons in a vacuum tube is not really the end goal, 
except in some exotic applications. There is no real 
advantage to super-high-speed electrons. Our goal is 
controlling current—that is, the number of electrons, not 
their speed. However, because the inside of a vacuum 
tube is pretty much non-conductive, we need to have 
rather high voltage in order to get usable currents. (Yes, 
as convoluted and contrived 
as this effective resistance 
may seem, it still follows 
Ohm's Law). And since we 
can't have high voltage with- 
out accelerating electrons, 
we end up with high-speed 
electrons anyway. 
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Actually, we don’t want our electrons to move too 
slowly, or we end up running into transit time prob- 
lems. If an electron takes too much time shilly-shal- 
lying on the way to the plate, it may not work very 
well at radio frequencies. We can reduce transit time 
by making the space between all the elements very 
small, while keeping the ratio of grid spacing between 
the cathode and the plate the same. In other words, 
we can scale the tube for higher frequency, but we 
can't go too far in this scaling business or we end up 
risking arc-over—electric sparks jumping between 
elements inside the tube. Not a good thing. Therefore, 
we can reduce plate voltage to prevent arc-over, but 
guess what? Lower plate voltage means longer transit 
times. Hmmm... do we even begin to grasp the prob- 
lem of the tube designer? We have all these conflict 
ing requirements that need to be met. The astonist 
ing thing is that the early tube engineers were indeec 
able to pull this off using no more number-crunching 
power than a slide rule! 

The fact of the matter is that you had a lot of the 
smartest people on the planet working on making tubes 
that ran faster, longer, and with more power. Tubes rep- 
resented the culmination of human knowledge in this 
regard. Until the discovery of the transistor, tubes were 
all we had to work with. We had to do it well. 

Now a tube by itself is of limited value. It has to 
actually work in a circuit. In the next chapter we will 
talk about how tubes interact with other compo- 
nents. We will also introduce a few more tube ele- 
ments, creating tetrodes and pentodes. 

In the meantime, the next time you encounter a 
tube, you really should salute! 


Bo Fankee 


CHAPTER ZS 
A Chip Off the Old Block 


It's really amazing how much electronics we wer; 
able to accomplish before the invention of the trar 
sistor. All the major functions of modern communi- 
cations and computing were already in place before 
anyone ever heard the terms solid state, microchip, 
wafer, integrated circuit, or Silicon Valley. 

With the humble electron tube and its loyal sup- 
porting cast we created radio, television, radar, 
microwaves, X-rays, lasers, analog computers, digital 
computers, robotics, electronic warfare and weapon- 
ry, electronic navigation, satellites, storage, memory, 
cybernetics, facsimile, and “I Love Lucy.” 

There is no known electronic function that was not 
possible with vacuum tubes. It may not have been 
very efficient or portable, but it all was possible. 

In all fairness, we have to mention one solid-state 
device that existed before vacuum-tube technology, 
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and that was the crystal detector, its most common 
manifestation being the “cat's whisker.” It is a semi- 
conductor diode made of a lump of galena, a natu- 
rally occurring lead ore, and a steel wire. (Some his- 
torians may protest that the coherer detector, a pred- 
ecessor to the galena crystal, was also a solid-state 
device, but it is actually closer akin to an electro- 
mechanical device. In either case, it is a device wor- 
thy of some extracurricular study.) 

The galena crystal cat's whisker detector is the 
device for which the primitive “crystal radio” was 
named and was a familiar fixture in most homes 
before the vacuum tube really came on the scene. As 
important as the cat’s whisker was, it was about as 
far as solid-state technology could go with the con- 
temporary understanding of physics, pre World War 
One. The vacuum tube advanced faster, because 
physicists understood how it worked. Electronics 
might have taken a very different turn if anyone at 

e time could have really explained how the cat's 
whisker worked—other than that it did, and more- 
over, that it did so exceedingly well—at least in the 
right hands. The use of a cat's whisker involved the 
operator probing the surface of his little lump of gale- 
na in order to find a sweet spot, where the ideal semi- 
conductor rectification (detection) took place. It took 
a safecracker's touch to do it right; you actually were 
creating a semiconductor as you went along! 

We now understand that the cat’s whisker was so 
effective because it was, unbeknownst to anyone at 
the time, a primitive form of hot-carrier diode, one of 
the most useful and sensitive devices in all radio 
technology, including satellite receivers and cell 
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phones. Nowadays, hot carrier diodes are made by 
the billions, and you don’t have to poke around a 
rock with a needle to find the sweet spot. However, 
they function identically to their rickety ancestors. 
Now as much as one could do with a crystal detector, 
one function that was lacking was amplification. A 
crystal radio could supply no more power to the head- 
phones than it could extract from the radio signal 
impinging on its antenna, which could be as small as 
nanowatts (billionths of a watt) for a distant station. 
With the advent of the triode vacuum tube, this was 
no longer an issue. Although vacuum tubes were 
expensive compared to cat's whiskers, the impover- 
ished ham didn’t need a whole lot of them. In fact, a 
clever ploy called regeneration allowed one to reuse the 
amplification of a tube 


over and over again. 
Theoretically, 


infinite amplification was possible— 
again, in the right hands. The safecracker skill of the 
cat's whisker operator was retooled into the knob- 
twiddling skills of the “regen” or “genny” operator, The 
trick with the genny was to adjust the feedback to the 
very threshold of where the amplifier would break into 
self-oscillation, at which point it became a transmitter 
rather than the receiver. But if one could walk that 
tightrope, just betore self-oscillation, the operator was 
rewarded with unspeakable sensitivity and selectivity, 
which opened up a whole new universe of shortwave 
communications—pretty cheaply, too! 

Incidentally, every 21st Century Radio Amateur 
should experience the use of both a crystal set and a 
genny. You cannot get a thorough feel and apprecia- 
tion for radio by any other means. Concepts such as 
resonance and Q and selectivity jump right off the 
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page and slap you upside the melon. You will say 
“Aha!” a lot when you play with these simple radios, 


Moving Right Along 
It’s a good thing that we studied vacuum tubes in 


the last chapter, specifically the triode, because we 
can now leap to the transistor without too much trau- 
ma. The reason this is a good thing is because it’s a 
lot harder to grasp the internal workings of a tran- 
sistor than a vacuum tube. Fortunately, you don't 
really have to know too much about holes and matri- 
ces and crystal lattices and energy levels and all that 
stuff they try to cram into your cranium in most 
solid-state electronics classes. Unlike the days of the 
cat’s whisker, we won't be “rolling our own” semicon- 
ductors, but rather using the ones already made. 
The important thing to know is the concept of ampli- 
ication, and hopefully you emerged from the previous 
chapter with at least a fundamental grasp of the mat- 
ter. Most important to know is that amplification does- 
n't give you something for nothing; it just allows a 
small stimulus to result in a large change. A good 
example is an elephant seeing a mouse and running 
for the hills. (Actually, elephants can’t run, but they 
can walle 35 miles an hour. Also, we aren't really sure 
if elephants actually freak out upon seeing mice, but if 
you'll indulge us, we'll take some poetic license for this 
example.) The mouse actually did not supply the ener- 
gy to the elephant, but rather it redirected the ele- 
phant’s already existing energy. The elephant-to- 
mouse ratio is what we call the amplification factor. 
The way a transistor amplifies electrical signals is a 
bit different than the way in which an electron tube 
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does it, but the end results are the same. A transis- 
tor is functionally equivalent to a triode tube. Sort of. 

Many moons ago when I was taking electronics in 
high school the mantra was, “Tubes amplify voltage, 
and transistors amplify current.” Well, this is one of 
those cases where a little information can be worse 
than none. Actually, a vacuum tube does amplify a 
current, but in response to a voltage. However, the 
most common type of tube amplifier, which must 
contain a plate or load resistor, is a voltage amplifier. 
We get a change in the voltage output in proportion 
to a change in the voltage input. 

A transistor, on the other hand, is much more 
direct. It gives you an output current that is propor- 
tional to an input current—hopefully a proportional- 
ly larger current. 

Like the triode, the transistor is also a three-term 
nal device. However, unlike the triode, the transistc 
comes in two different polarities. There are male anc 
female transistors. The male transistor is known as 
the “NPN” type and the female transistor is the “PNP” 
type. The NPN transistor is the closer equivalent to 
the triode, as far as polarities are concerned. In fact, 
one can do an awful lot of solid-state electronics 
while rarely encountering a female transistor, which 
is not a politically correct thing to say, but it’s a fact. 

In any case, we can replace the tube elements of 
cathode, grid, and plate with their approximate solid- 
state equivalents of emitter, base, and collector. 


How It Works 


To demonstrate how this thing works, let’s attach 
the emitter lead to the negative terminal of a battery, 
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and attach the collector to the positive lead of the bat- 
tery, with an ammeter in series. This is equivalent to 
putting B+ on a tube with no bias voltage on the grid. 

The first thing we notice here is that the ammeter 
reads 0. This is quite different from a triode, which 
will draw unlimited current (or at least a whole lot) in 
such a condition. With no negative grid bias, the tube 
looks just like a diode. Not so with the transistor. 

Unlike in the case of a tube where we use the con- 
trol element (the grid) to turn OFF the main current, 
in a transistor, we must use the control element (the 
base) to turn ON the main current. If we apply a 
small forward current to the base (relative to the 
emitter), a large current will flow through the collec- 
tor circuit. Similarly, a small change in the forward 
base current will cause a large change in the collec- 
tor current. Viola! Amplification. 

Incidentally, this forward base voltage is called, not 
too surprisingly, the bias. Tube amplifiers generally 
use negative bias; transistor amplifiers generally use 

orward bias. 

So what is the elephant-to-mouse ratio of a transis- 
tor, anyway? 

It's not too unusual to find a current gain of a tran- 
sistor to be on the order of 100 to 1 or more, One mil- 
liamp of base-current change will cause a 100-mil- 
liamp change in collector current. Not too shabby. All 
things being equal, this means that we can get a 
10,000 to 1 power gain in a single transistor slag, 
using the “I squared R law” for power. Pretty impres- 
sive. Alas, in reality, all things are not equal, so we 
don't generally realize such incredible power gains in 
practical circuits. However, we still can get a lot of 
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power gain, although we still can’t get infinite power 
gain, as we can in a vacuum tube. 

Within rather well-defined limits, the linearity of a 
transistor is quite good. In other words, the output 
current of a transistor is directly proportional to the 
input current. This is important for creating low-dis- 
tortion amplifiers and other analog circuits. On the 
other hand, if we go beyond those well-defined lim- 
its, the transistor works equally well as a switeh— 
either fully on or fully off. This makes it useful as a 
digital logic unit. Vacuum tubes can also operate in 
this mode, but it’s really not their natural way of 
doing business. 

Therefore, what can a transistor do that a toggle 
switch can’t? Actually, nothing. It can just do what 
a toggle switch does a lot faster, with less real estate 
and, incidentally, more quietly. You could build <¢ 
microprocessor out of toggle switches, if you were so 
inclined. It would just be a big microprocessor (like 
the size of Mexico City), which I suppose would take 
it out of the “micro” category. The fact of the matter, 
though, is that the earliest digital computers were 
made of electromechanical switches. Moths used to 
get in between the contacts and cause them to act 
flaky. The computer technicians removed the moths 
in a process called debugging. Transistors are a lit- 
tle less likely to be invaded by moths, so modern 
computer debugging is a little less physical, but no 
less important. 

At this time we could just let the transistor wander 
off into its comfortable little digital world, but that 
would be letting it off far too easy. It still has some 
work to do for us back in the analog universe. 


292 The Opus of Amateur Radio Knowledge and Lore 


Like the vacuum tube, the transistor needs a few 
supporting actors to make an amplifier. You can’t just 
slap together a bunch of transistors and expect them 
to do much for you. (Although in the digital realm, 
you can almost get by with that.) 

If you put a resistor in series with the collector of 
the transistor and the positive DC voltage supply, you 
have a voltage divider The top half of the voltage 
divider is fixed, but the bottom half is variable. In this 
application the transistor is a current-dependent 
resistor, But what current is it dependent upon? The 
base current. As we increase the current through the 
base, the effective resistance of the transistor (the 
emitter-to-collector path) is decreased. More current 
passes through the transistor and the load resistor. 
Actually, since these are in series, the current 
through the combination has to be the same. Well, 
from Ohm's Law we know that the more current that 
flows through a resistor, the greater the voltage drop. 

Therefore, the result is we have a voltage at the 

‘unction of the collector and load resistor that is 
pposite in phase from the collector current. It is 
also larger in amplitude, depending on the current 
gain of the transistor. You can see, then, by the mere 
addition of a load resistor we have changed our tran- 
sistor from a current amplifier to a voltage amplifier. 
Well, almost. 

We still haven't addressed how we alter our base 
current. The emitter-to-base current path also has a 
certain equivalent resistance. What this means is 
that, again by Ohm's Law, if we alter the voltage 
applied to the base terminal, we alter the current 
flowing into (or more precisely out of) the base termi- 
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nal. Therefore, the base circuit is a voltage-to-current 
converter. 

Now we have a true voltage amplifier. Isn't that 
elegant? 

After a season of contemplation, you might come to 
the revelation that a voltage amplifier might be really 
useful for amplifying voltage, and you would be cor- 
rect. But so is a step-up transformer. Why would you 
use a transistor (or several), a DC power supply, a 
handful of resistors, and possibly a capacitor or two, 
when you can do exactly the same thing with a total- 
ly passive transformer? 

There are several answers to this question. The first 
answer is that transformers have frequency limita- 
tions. To build a transformer that works down at very 
low frequencies requires a lot of iron and a lot of co 
per, even for low power levels, and no amount of iroi 
and copper will allow a transformer to work at DC, A 
well-designed transistor amplifier can amplify DC 
voltages quite nicely. 

Secondly, no transformer is 100% efficient. Neither 
is a transistor amplifier, but you can make up for the 
losses because you're adding power to the circuit. 
Power lost in a transformer is power lost forever. 

There are practical limitations as to how much volt- 
age step-up you can build into a transformer as well. 
You can almost indefinitely cascade or “daisy chain” 
amplifiers to get any amount of amplification you 
want. (There are some limitations having to do with 
stability and noise in this regard, but the numbers 
can still be huge). 

There is another thing to consider, as well. In 
almost any application we can think of, pure voltage 
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amplification is not an end in itself} it’s usually an 
intermediate process. Almost any time we want 
amplification, we're really looking for power amplifi- 
cation, something neither a transformer nor a pure 
voltage amplifier can give you. Remember, there's no 
free lunch. Whether it’s a radio receiver, a stereo 
amplifier, a transmitter, or a telephone, the bottom 
line is power amplification, which certainly can 
involve voltage amplification, but not exclusively. 

One notable exception is in the world of instrumen- 
tation. There are many measuring instruments, rang- 
ing from oscilloscopes to electrocardiograms where 
pure voltage amplification is the goal. We aren't doing 
any real worlc at the end of the process; we just want 
to see what's happening. 


The FET 
Let's look at one final topic before we turn you over 


to the digital domain. So far we have been dealing 
with one type of transistor, the bipolar junction tran- 
sistor, or BUT. This is the most “classic” form of tran- 
sistor, and most of what we need to know about tran- 
sistors we can learn from studying it. 

However, we need to be aware of another type of 
transistor known as the Field Effect Transistor, or 
“FET.” There are a few subdivisions of the FET, as 
well. Also, as with the BUT, each FET and sub-type 
has both a male and a female version, known respec- 
tively as the N-channel type and the P-channel type. 

The terminal names of an FET are Source, Gate, 
and Drain, equivalent to Emitter, Base, and Collector, 
respectively. 

A field effect transistor actually behaves a lot more 
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like a vacuum tube than does a BUT. It has extreme- 
ly high terminal impedances. In the particular case of 
a MOSFET, the gate impedance is essentially infinite. 
It is a true voltage-controlled device in that the drain 
current is proportional to the gate voltage, even if 
absolutely no gate current flows. 

Again, like the BJT, you don’t really have to know 
the internal physics of the FET, but you should know 
how it behaves toward the outside world. 

An FET, like the BJT, can also operate in either the 
analog or the switch mode. However, it’s a bit more 
comfortable in the analog mode than the BJT, In 
other words, it’s somewhat easier to build a clean 
amplifier with FETs than with BJTs. Most beginning 
electronics experimenters find FETs much more “fun 
to work with than BJTs, as they are a lot more like] 
to have a project that actually does what it's sup 
posed to the first time. If your first BUT amplifier 
actually amplifies, you've really won the lottery. On 
the other hand, an FET usually behaves like it actu- 
ally wants to work. 

As with all the previous chapters, we've given you 
just enough information to get you to stagger into the 
next chapter. In this case, the next chapter covers 
digital electronics. It's so simple a caveman can do it. 


Bo Fanker 


CHAPTER 26 
Decisions, Decisions 


Throughout The Opus, until this point we have 
dealt strictly with analog electronics, We mentioned 
before that the real physical universe exists in a con- 
tinuum of values, whether we're talking about volt- 
ages, or currents, or field strengths, or distances, We 
also mentioned that people like to use units when 
describing things, because it's far easier to count 
things than it is to measure them. Probably the first 
digital computer was the abacus. It was clearly a dig- 
ital device, because one used one’s digits to twiddle 
the beads around and come up with an answer, We 
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could probably go back further than the abacus, 
actually. The word “calculate” comes from calc, 
meaning bone, from the prehistoric practice of toss- 
ing bones around to keep track of things. (We get the 
word calcium from the same root.) 

It turns out that transistors are particularly well- 
suited to this bone-tossing business, which is why we 
so often tie together discussions of solid-state elec- 
tronics and digital electronics. It’s important to real- 
ize, however, that digital logic itself is not tied to any 
particular technology; it’s simply an approach to 
doing things. 


The Caveman Approach 

Digital logic is a thought process, while collections of 
transistors, or relays, or tubes, or bones, are the 
brains. 

Let’s say Og wants to do a transaction with Grok. 
Og and Grok each have a one-bone calculator. From 
their many previous transactions, Og and Grok know 
that tossing a bone to the left means “no like,” while 
tossing a bone to the right means, “like.” 

Grok presents Og with a leg of mammoth from his 
latest hunt. It is indeed a tasty-looking morsel. Og 
tosses a bone to his right. Og and Grok grunt in 
agreement. Og hasn't arrived empty-handed, of 
course. He has brought a coconut. Grok inspects the 
coconut and tosses a bone to his right. The transac- 
tion is completed. Og takes home his one-bit calcula- 
tor and his leg of mammoth (minus one coconut, of 
course), and all is well. 

The next week, Og pays another visit to Grok, but 
has four coconuts in his tyrannosaurus-skin back- 
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pack. Grok inspects the coconuts, but decides he can 
only use three of them. This presents a serious dilem- 
ma. If Grok tosses a bone to the right, does it mean 
he wants all four coconuts or just one? He has 
exceeded the processing power of his one-bit (one- 
bone) calculator. How can he express his desires? 

Og and Grok put their heads together. After much 
rumination, Og places his bone on the “counter,” 
which is actually a huge slab of granite. Grok places 
his bone next to it. Grok tosses both bones to the 
right. Og grunts approvingly, removes two coconuts 
from his bag, and places them on the counter. Grok 
shakes his head disapprovingly. Og can't understand 
what the problem is. Grok is in a real quandary now, 
because he has already tossed his bones. 

Back to the drawing board. 

Grok retrieves the two bones and places them on 
the counter again, as Og puts the two coconuts back 
in his bag. Og and Grok again knock their heads 
together. After 16 hours of staring at each other, Og 
has a brilliant idea. He places a coconut on the 
counter. He places a bone next to it. He takes anoth- 
er two coconuts out of his backpack and places them 
on the counter. He takes the other bone and places it 
next to the two coconuts. 

Grok seems baffled at first, but then the light bulb 
comes on. (Well, maybe not a light bulb, but perhaps 
a flaming torch.) 

Grok tosses two bones to the right. Og gathers the 
three coconuts together and slides them across the 
counter to Grok, who is now a happy camper. 

What our two primitives discovered was the concept 
of place value. The two bones are the same, but one 
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has more value because it represents the “two 
coconut column.” 

The next meeting between Og and Grok goes much 
more smoothly. Og and Grok both come to the table 
with a few more bones, thus allowing them to further 
refine their transactions. In the process, they also 
discover the concept of a zero, which will come in 
handy in the future, as well. 

Thus, we see that digital processing is so simple a 
caveman can do it, and in all likelihood they did do it. 
Well, maybe not cavemen, but Sumerians, who were 
probably quite similar. 


The Basics of Digital Logic 

Our cavemen unknowingly created, or discovered, 
the base-2 numeric system, which is really the basis 
of all digital electronics. You either have a yes or no, 
a right bone-toss and a left bone-toss. In an electron- 
ic circuit, that is translated to either the presence or 
the absence of an electrical voltage. You can do a lot 
of things with base-2 math. Unfortunately, one of the 
things you can’t do with base-2 math is work with 
decimals . . . at least not without doing a lot of Texas 
Two-Step in the process. 

Most of us tend to think of base 10 as being nat- 
ural, presumably because we have ten fingers with 
which to count (something that hadn't occurred to 
Og and Grok). However, very little in nature comes 
out in base 10. Nature gives us things such as the 
number Pi, the Natural Logarithm, the Golden 
Triangle, the Radian, and any number of so-called 
“irrational” numbers. They're only “irrational” 
because we try to jam them into a genuinely irra- 
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tional base-10 system, whose only claim to rational- 
ity is the fact that most of us have ten fingers. If we 
had 3.14159 fingers upon which to count, life and 
math would be much simpler. 

Be that as it may, digital calculations are based on 
the existence of powers of two—that is, 2, 4, 8, 16, 
32, 64, etc. A couple of commonly used digital bases 
are base-8 (octal) and base-16 (hexadecimal) upon 
which almost everything else digital is based. 

There is no limit to the base of the system we're 
using, as long as it is a power of 2. The only problem 
with really high-based systems is that we have to 
carry around a lot of bones (or fingers. 

Alternatively, we can use fewer bones or fingers, but 
run a lot of partial calculations. 

Let's say someone asks you how old you are. You're 
ten years old, but you only have two fingers. (Your 
index finger is a 1 and your middle finger is a 2.) You 
show both fingers once, then you show them again, 
then you show them a third time, and then you show 
them just your index finger. (If you were 11, you 
would have to be impolite.) 

What you have just demonstrated is sequential 
logic. Sequential logic involves timing as well as the 
right combination of fingers. 

Probably the most familiar sequential logic device in 
everyday life—at least it used to be—is/was the dial 
telephone. (It’s also one special example of a digital 
device that does base-10 directly!) 

When you dial a 6 on a telephone, a rotary (or step- 
per) relay in the central office goes “ratchety ratchety 
ratchety ratchety ratchety ratchety.” If the next num- 
ber you dial is a four, a second rotary relay goes 
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“ratchety ratchety ratchety ratchety.” If the third 
number is a nine, the third stepper relay goes, “ratch- 
ety ratchety ratchety ratchety ratchety ratchety 
ratchety ratchety ratchety.” And so on, (You probably 
have to go to a third-world country to hear any ratch- 
ety-racket going on in a phone office, but it was a 
common sound for about a century.) 

The important thing here, though, is that the 
order in which you dial the number is as important 
as the actual numbers you dial. This is the main 
feature of sequential logic. Another feature of 
sequential logic is that it has to have some storage. 
In other words, the position of the first ratchety- 
ratching relay has to stay put until the next ratch- 
ety-ratching relay can be selected. This memory is 
“cleared” when you hang up the phone, and all 
seven ratchety-ratching relays snap back to their 
original home position. 

On the other hand, simple combinational logic 
requires no memory. Knowledge of a previous state is 
not necessary. All the information is there in real 
time. I hold up two fingers to represent the number 
3, and it is all right there for you to see all at once. 
You don't have to remember how many times I 
flashed my fingers at you. 

We do combinational or decision-based logic using a 
few simple devices known as logic gates. A gate is 
nothing more than two switches, either in series or in 
parallel. Two switches in series comprise an “OR” 
gate. If either switch A Oor switch B is on, the circuit 
passes a current, or gives you a “YES.” If the switch- 
es are in series, you have to have both of them on to 
pass a current. This is known as an AND gate. Switch 
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A and switch B have to be on to give you a “YES” at 
the output. 

There is one variation of this, called the “exclusive 
OR” gate, which gives you a “YES” if either A or B is 
closed, but not if both are closed. The most familiar 
example of an exclusive OR gate is the “three way” 
switch arrangement for controlling a single light from 
two switches. If both switches are in the same posi- 
tion, the light is off, but if they're in different posi- 
tions, the light is on. Nothing really profound here. 

Now how would one go about duplicating a 10-posi- 
tion phone-company type rotary relay with just two- 
state logic gates? It’s not as simple as it might seem. 
First of all, transistor logic gates only have two possi- 
ble output states, on or off. 

The way we do this is with a device called a shift reg- 
ister. We transfer the state of one memory cell to the 
next upon some command. That command is called 
the clock. 

The simplest form of memory cell consists of two 
transistors . . . oh, and two load resistors. We need 
some resistance between the collectors of each tran- 
sistor and the positive power supply. This actually 
changes each transistor from a pure current amplifier 
to a voltage amplifier (Ohm’s Law hard at work again). 
Let's call the two transistors transistor A and transis- 
tor B, If we connect the collector of transistor A to the 
base of transistor B and the collector of transistor B to 
the base of transistor A, we have a “bistable” or “flip- 
flop” device. It is the solid-state equivalent of a toggle 
switch. It will stay in whatever state we put it. 

If we turn on transistor A, it will go into saturation 
very quickly, due to positive feedback. The converse 
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will be true if we turn on transistor B. Let's look a lit- 
tle more closely at how this works. 


A Closer Look 

If we simply apply DC voltage to the two transistors 
through their respective load (collector) resistors it’s 
very unlikely there will be a precise current match at 
each of their bases. One of them will conduct a little 
more than the other. Let’s assume transistor A is just 
microscopically “hotter” than transistor B. 

When we apply power, the tiny current in base A will 
cause a large current to flow in collector A. Because 
the load resistor and the transistor itself form a volt- 
age divider, the voltage at collector A will immediately 
go to a very low value. This low voltage, however, will 
be transferred to base B, which completely turns that 
transistor off. Since no collector current flows through 
B, the voltage at collector B goes high. This high volt- 
age is connected to base A, which reinforces the high 
base current, driving transistor A even harder into the 
ON state. This entire process happens extremely 
quickly, accelerated by the positive feedback. 

Now if we were to artificially force transistor A off, by 
means of an external negative pulse, the process 
would reverse. Transistor A will turn off, its collector 
voltage will go high, and this will, in turn, drive a pos- 
itive current into base B, which will cause lots of col- 
lector current to flow in transistor B. This large cur- 
rent will cause the voltage at collector B to go low. This 
voltage, which is fed to base A, drives the voltage at 
that point even lower, causing A to turn even “more 
off.” The transistors have now changed state. 

Again, this process takes place with blinding speed, 
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which is a good thing if you want to process decisions 
quickly. 

So now we have a memory cell consisting of tran- 
sistor A and transistor B, which is essentially nothing 
more than a toggle switch. Whatever state we put it 
in, it stays there until further notice. 

We now can take ten of these memory cells, each 
consisting of two transistors and associated resistors, 
and “daisy chain” them. We take the output state of 
one cell and connect it to the “trigger” point of the 
next one. 

We generally refer to the two states of a memory cell 
as “Q” and “Q-prime.” Q would be A on and B off, and 
Q-prime would be B on and A off. 

If we start our daisy chain with every memory cel! 
in the “Q” state and “toggle” cell 1 with an externa 
clock, its state will be passed on to the next. As long 
as something doesn’t get “lost” in the process, only 
one cell can be in the Q-prime state at any time, as 
we continue toggling cell 1. This will give us our all- 
electronic equivalent of our electro-mechanical rotary 
switch, except that it doesn’t go “ratchety ratchety.” 
Pretty slick. 

Now you can do all sorts of things with a shift reg- 
ister. If you duplicate all of the above a mere 30-mil- 
lion times, you can build a microprocessor. 

Well, there's a lot more to be said about digital logic, 
but hopefully this has given you enough of an intro- 
duction to be able to figure out a lot on your own. We 
recommend building a few flip-flops with some tran- 
sistors, and perhaps even building a shift register. It’s 


incredibly simple to do and quite educational. Og and 
Grok would be proud of you! 
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From time to time, it has been subtly suggested 
that one of the purposes of Amateur Radio is for the 
exchange of information. This is sometimes known as 
communication and frequently manifests itself in the 
form of a conversation. A conversation in ham lingo is 
known as a QSO. 
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Let’s investigate this concept a bit further, through 
a simple flow chart. We'll restrict the discussion to 
conversations between Radio Amateurs, just to keep 
things simple. 

A conversation begins its life as an idea. In the case of 
hams, the idea is a piece of information that resides in 
the brain of one or more Radio Amateurs, In the vast 
majority of hams, the brain is encased within the crani- 
um; a roughly spherical box of bone floating around 
inside the head. Two commonly used organs of commu- 
nication are generally in close proximity to the crani- 
um—i.e., the mouth and the ears. (Additionally the 
hands may also be involved in the process, as they 
manipulate a telegraph key in one of its many manifes- 
tations, a microphone or foot switch, or a keyboard.) 

One of the most difficult challenges you will find as 
a Radio Amateur engaged in a potential conversation, 
or QSO, is the act of forcing the aforementioned idea 
out through the cranium to the organs of communi- 
cation, As it turns out, the human brain is the only 
organ entirely encased by bone, and few hams or 
other humans actually get an idea through the bone 
fully intact. In reality, a conversation has to pass 
through two bone walls, as a bare minimum, for a 
conversation to take place. It’s a miracle the process 
survives at all. 

Yet, as difficult as this journey is, it is by no means 
the most difficult part of the process. To start with, 
there must be an idea worth communicating, and 
this is the one place where most hams fall flat. This 
is a prevalent shortcoming, as has been noted by the 
ARRL in recent times. An editorial basically stated 
that Radio Amateurs don’t know how to talk. 
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This shouldn't be too surprising. If Radio 
Amateurs knew how to talk, they'd be out in the 
world talking, making friends, wooing members of 
the opposite gender, and just in general having a 
life. As mentioned earlier, this is paradoxical to the 
extreme. If one had a life, one might not be doing 
Amateur Radio in the first place (all exceptions 
excluded, and there are many). 


Having a Life... and Being a Ham! 

How do we go about blending two totally contradic- 
tory concepts: having a life and being a Radio Amateur 
in such a manner that an actual conversation might 
take place? It’s a most difficult challenge, but possibly 
surmountable with enough effort and will. 

We cannot assume that the aforementioned idea: 
will spontaneously materialize within the cranium o 
a typical Radio Amateur. However, we can jump-start 


the process with a potential list of ideas. Here's just 
a small sampling: 


1. Amateur Radio: This may seem to be redun- 
dant, but the fact of the matter is that Amateur 
Radio actually makes for good conversation . . . at 
least amongst Radio Amateurs. As the saying 
goes, “If it ain’t broke, don't fix it.” Talking about 
Amateur Radio via Amateur Radio may not give 
you a life, but it will at least keep you abreast of 
the technology, as well as keep the radio waves 
moving. 

2. Homework: When | was first licensed, it 
seems that homework nets abounded. We'd help 
each other with calculus or chemistry over the air, 
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and people listening in would sometimes learn 
something in the process. It seems to be a lost tra- 
dition that could use resurrecting. 

3. Literature, poetry, bad puns: This is espe- 
cially entertaining if it's literature you've produced 
yourself. It’s a good way to try out your latest cre- 
ative works on your friends before going public. 
(Note: This does not apply to music. Music is 
expressly forbidden by the Amateur Radio regula- 
tions, and nobody wants to hear you sing on sin- 
gle sideband, anyway.) 

4, The other guy’s QTH: Amateur radio is an 
international hobby, and it’s a great way to learn 
about the world outside your door. Try to get more 
than a signal report from a DX station. The mid- 
dle of a contest is not the time to try this, of 
course, but opportunities still abound. This is 
how I ended up in Alaska, by the way. (Yeah, I 
know, Alaska isn’t a foreign country, but it was 
still pretty exotic at the time. It still is.) 

5. Sports and weather: These are the sorts of 
things that can pass you off as an actual normal 
human being, but don't overdo it; these topics 
have a short shelf life. 

6. Your job: This can be the best or the worst 
topic for discussion. Use this one wisely. 

7. Chess nets: These are akin to homework 
nets. I'm actually glad to hear them coming back 
to life after a long hiatus. You can have kibitzers 
from all over the country helping you out. | think 
network gaming has actually helped this resur- 
rection of an old tradition. The nice thing about 
chess nets and homework nets is that you can 
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actually do other activities in the meantime. Just 
be sure to identify periodically, so the other folks 
know you're still around. 

8. Special events, JOTA, and such: The Scouts 
Jamboree on the Air is always a blast, from either 
end of the QSO. It’s a great way to get new blood 
in the hobby, as well as to converse with hams 
who actually have a life as well. 

9. Foreign language: Why not try talking to a 
foreign station in his language. It’s perfectly legal; 
you just have to identify yourself in English (if 
you're an American ham, of course.) 

10. Third-party traffic: If all else fails, you can 
really get involved in passing messages for other 
parties. The nice thing about this is that ideas 
don’t have to originate in your own brain. It’s a 
great last resort for the tongue-tied. 


Now as much as we want to encourage the art of 
conversation via Amateur Radio, there are a few top- 
ics that should be avoided at all costs: 


1. Your medical problems: Nobody wants to 
hear about them. 

2. The other guy’s medical problems: Nobody 
wants to hear about those either. 

3. The olden days: The way ham radio used to 
be before you were old enough to have medical 
problems. 

4. Your pet’s condition: Your pet's medical 
problems. 

5. More of number 4: The other guy's pet's 
medical problems. 
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In fact, if it involves anything that oozes, bleeds, or 
itches, we don't want to hear about it, and neither 
does anyone else. The one exception is if you happen 
to find the cure for cancer or come up with some 
other amazing medical discovery. Then we want to 
hear about it. That way, we won't have to hear about 
oozing, bleeding, or itching on the air anymore. 

The golden rule reigns supreme here. Listen to your 
conversation. Is it something you'd want to listen to 
as a stranger stumbling across the frequency? Would 
it make the casual passerby want to become a ham? 
If not, use the phone. The airwaves are public. 
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CHAPTER 28 


Cutting You Loose 


One of my college electronics instructors, now long 
retired, had a fond expression: "I taught them every- 
thing | know and they're still stupid!" 

Of course, this was always said with a great deal of 
humility, recognizing that this was far more a reflec- 
tion on the teacher than the student. To be perfectly 
honest as well, I emerged from that class knowing a 
whole lot more than I did going in. 

Like every other mentoring situation—whether it's 
raising kids, or teaching, or being a boss—you never 
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knows how well you have done until long after the fact, 
You hope you have left them with enough information 
to avoid damaging themselves too severely once they're 
out from under your supervision. You hope they actu- 
ally excel, if for no other reason than that they can 
brag about what a great teacher you were. 

Amateur Radio is no different in this regard. As 
you, my rapt readers, tearfully end your journey 
through this magnificent Opus, I'd like to think you'll 
carry away some long-lasting wisdom. I've been able 
to put this work together because I've sat at the feet 
of a lot of people who are a lot smarter than I'll ever 
be. Does that imply that each succeeding generation 
is going to be progressively... uh... less smart? 
Well, left to nature's own devices, this probably is the 
case. However, our job as teachers is to fight against 
the natural human slide into ignorance, apathy, and 
bad taste. Right now we see enough promising 
results that we keep at it. 

It's always a balancing act of sorts to determine just 
how much information to give out. We've all heard it 
said, "Ifa man asks you the time, you don't need to 
tell him how to build a clock." Is that really the case? 

Well, yes and no. 

Amateur Radio is such an all-encompassing hobby 
of hobbies that if we don't 
at least fouch on every pos- 
We cut you sible subject, our "clients" 

loose... might never know about 
what has and hasn't been 
To fly as the Hone. 

PRPS Siss es It would be a disservice 
and a dereliction of duty for 
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me to merely give out enough information one to get 
on the air, avoid getting one's license revoked by the 
FCC, and evade accidental electrocution. 

I've learned that knowledge is not a zero-sum 
proposition. The zero-sum assumption goes like 
this: If you give to those out there just enough infor- 
mation to get started, natural curiosity will take 
over. If you give everything up front, they'll have no 
need to pursue the subject on their own, so it's sort 
of a waste. 

On the surface, this sounds logical. You have a 
fixed amount of available knowledge on any subject, 
and your students are going to get it sooner or later, 
on the average. In fact, I used to believe this, until I 
actually started teaching. My experience has shown 
just the opposite to be the case. Knowledge breeds a 
desire for knowledge, and a lot of knowledge at the 
beginning begets an even greater thirst for knowledge 
later on. It's like compound interest. 

Of course, just like monetary interest, intellectual 
interest is not distributed equally. Some people will 
take advantage of it, and some won't. It's not some- 
thing you can "fix," but rather something you just 
have to recognize and reward accordingly. 

The bottom line is that it's always safer to give more 
information than one 
needs to know. You never 
know just what gem of use- 
less information is going to 
prod someone into fame, 
fortune, or a Nobel Prize. Stand out from 

As I was nearing the com- the crowd. ... 
pletion of the manuscript 
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for The Opus of Amateur radio and Lore, | thought to 
myself, if I was forced to toss out every chapter but 
one, which chapter would remain? It wasn't as diffi- 
cult a choice as I had originally thought. The one 
absolutely necessary chapter in this book is Chapter 
9, "How to Do Stuff.” 

We are where we are in Western Civilization 
because we've learned "how to do stuff." We weren't 
born knowing how to do stuff, nor is knowing how to 
do stuff strictly confined to Western Civilization. 
However, in our modern society a huge value been 
placed on learning how to do stuff. Yankee ingenuity 
is mandated in the very heart of our U.S. 
Constitution. 

Before the Bill of Rights, we find, right at the core of 
this grand document, the concepts of Patent and 
Copyright. Creating and doing stuff is part and par- 
cel of who we are. It is our birthright to recognize that 
if something needs fixing, we can fix it. If something 
needs doing, we can do it. If something needs explor- 
ing, we will find it. 

Not only have we been good at doing stuff, but we've 
been good at teaching others how to do stuff as well, 
occasionally to our own detriment, but nearly always 
to the benefit of almost everyone. 

We mentioned in the 
introduction to this book 
We wish you that there is no activity on 
well... Earth that avails access to 
And time will peaeuoentation and inno- 

cai vation by the common man 
or woman as does Amateur 
Radio. Amateur Radio is 
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one of the best places to learn how to "do stuff," as far 
as I know. 

One of the hallmarks of creators and innovators is 
that they never ask permission of the powers that be 
to excel in their chosen field. They are not subject to 
the status quo. They get their instructions from a 
higher authority. They go beyond what their teachers 
could teach. 

Perhaps nowhere are you as [ree to flop or to fly as 
you are in Amateur Radio. Take what you've learned 
here in this book and build upon it. Don't re-invent 
the wheel. Discover your own laws. 

You have my permission. 


The Opus 
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Appendix I 


An American to English 
Translation Code 


Any great American literary work owes a great deal to the 
King’s English. We have done our best to keep Opus on a 
high literary plane, acceptable to the most precise of Great 
Britons as well as the common “Joe Sixpack” on this side 
of the pond. Despite our sincerest efforts, there are 
undoubtedly some passages in a work of this size that fail 
to “synchronize” properly going in either direction. It is the 
purpose of this appendix to remedy this situation in as 
painless a manner as humanly possible. 

By way of explanation, it should be noted that we (mean- 
ing we Americans) haven't had to deal directly with a king 
since our Founding Fathers penned that famous “Nasty- 
Gram” known as the Declaration of Independence to King 
George Ill. As vitriolic as passages In that document may 
have been, the fact remains that it was written in good, 
proper English ... of the English sort. We may have told 
your ancestors to take a long hike off a short plier, but we 
were careful to do so with all the class and style the occa- 
sion called for. 

Now that that previous untidy incident is well behind us, 
we realize that it was all much ado about nothing. Much 
as we may try, there is really very little of major import we 
can disagree on, especially when it comes to the French 
(the aforementioned exceptional Mssrs Lavoisier and 
Fourier notwithstanding). One minor bone of contention 
might be over how you (meaning you English) boil your 
beef. We understand full well why you felt compelled to col- 
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onize India and China; it was your only hope of obtaining 
any decent cuisine. 

I should mention here that 1 am married to an English 
woman of good Canterbury heritage. Her name is Priscilla 
and her brother's name is Nigel. It's hard to get much more 
English than that, yet they also concur with the prevailing 
American opinion of English “cooking.” 

None of this has anything at all to do with the subject at 
hand, which is the English language as it pertains to 
Amateur Radio, but merely verifies my status as an unbi- 
ased authority on the subject. 

British English and American English are different lan- 
Suages for a number of reasons, the most important of 
these being merely the passage of time. Contrary to popu- 
lar conception, we did not, out of a sheer spate of rebellion, 
instantly call our vertical human transportation modules 
“elevators” just because King George III called them “lifts.” 
I believe the record will show that King George III had nei- 
ther elevators nor lifts at his disposal. 

Likewise, we didn’t rename our motorcars’ bonnets 
“hoods” just to be annoying; we already had much more 
effective means of achieving that end. 

We believe you will find that the majority of our divergent 
terms either diverged, or were created from scratch, long 
after that little spat we had a quarter millennium ago. 
Needless to say, by the time Amateur Radio rolled around, 
we were already two independent entities, but not entirely. 

To fully explain the situation, allow me to describe what 
I call the “Christmas Letter Syndrome.” I'm not sure if this 
is as prevalent in England, but over the past few years— 
I'm not sure when the abominable practice actually start- 
ed—many Americans have developed this perverse habit of 
recounting an entire decade's activities in the form of a 
“Christmas Letter.” In such a document you are likely to 
discover that your Aunt Matilda's granddaughter’s nephew 
was just elected State Senator, when the last you heard 
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about Aunt Matilda she hadn't yet been on her first date. 
Being the unwitting victim of one of these “newsy” letters 
is like dropping into the middle of Anna Karenina . . 
Russian... and trying to make sense of it. 

In like fashion, correspondence between England and 
America has, for the past two centuries, been like the 
dreaded Christmas Letter—cordial, friendly (often border- 
ing on the verge of nauseating), absolutely punctual... 
and totally indecipherable. We know we have some com- 
mon relatives sometwhere but we haven't a clue who they 
are. We wouldn't know them if we were stuck in the same 
elevator—err .. . lift—with them. 

And so, we tip our hat brims at each other across the 
pond just often enough to know that we're still on cordial 
terms and go on our merry ways. 


- in 


Now there isn't anything actually wrong with this, but it 
just isn’t a whole lot of fun. One of our stated purposes as 
Radio Amateurs is to enhance international good will, It's 
right there in Part 97. 

Not too many Americans are up to the task of learning 
Chinese or Hindi just to enhance Amateur Radio interna- 
tional good will, but like everything else In the hobby, you 
start out with small steps. In fact, most Americans find 
that learning English is much easier than learning Morse 
Code. And so, we now present to you the English Code. It's 
the least you can do as a patriotic American. You may be 
tested on this. 

The following translation table is not presented in any 
logical order other than the frequency in which you may 
encounter such “code words.” (For our readers across the 
pond, please do not feel obligated to learn American 
English. After all, you were speaking English first, but do 
feel free to join in if you like the challenge.) 

By the way, this list is not complete by any means. Notice 
that there are also blank spaces provided so you can insert 
your own findings. 
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American English British English 


Tube Valve 
Flashlight Toreh 
Television Telly 
Truck Lorrie 
Antenna Aerial 
Normal Position Right Home 
Elevator Lift 

Hood (Automobile) Bonnet 
Chip (the food kind) Crisp 

Chip (the electronic kind) IC 
Gasoline Petrol 

Call Ring 

Line Queue 

AC Power Mains 
Cash Register or P.O.P Till 
Wrench Spanner 
Capacitor Condenser 
Neutralize Neutralise 
License Licence 
Police Rozzers 
Toilet Loo 
Subway Tube 
Cookie Biscuit 
Fag Cigarette 
Soccer Football/Footy 


Trunk (Automobile) 


Boot 


Thus we conclude this subject with the greatest respect for 
those across the pond, while Opus was written in the 
words of this side of the pond. Amateur Radio's intent is to 
cross all ponds, all oceans, all continents, all countries, all 
peoples of the Earth. How cool is that?! 
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Appendix II 
The Tropo Trigger 


By Gordon West, WBGNOA 


Summertime is the hot time for temperature-inversion, 
tropospheric-ducting, long-range VHF/UHF DX. The action 
begins around Field Day in June and may extend well into 
September. July and August are the hot months for this 
predictable atmospheric-range enhancement. 

VHF/UHF and microwave signals normally travel 1.1 
times farther than the optical horizon, With normal air 
refraction, the optical horizon is generally 1.2 times farther 
than the geometric horizon, influenced by the curvature of 
the Earth. 


The formula used to calculate the distance of the radio 
horizon, in kilometers, is 


D=V17h 
where: 


D = distance to the radio horizon in kilometers 
h = height of antenna above Earth or water 


To illustrate this, let's take a 432-MHz signal transmit- 
ted from an antenna 100 meters on a small hill: 


D=V17 x 100 = V1700 = 41.23 kilometers to the horizon 


The other station is also on a hill, 64 meters in height: 


D =V17 «x 64 = ¥1088 = 32.9 kilometers transmission 
distance 


Now add 32 .9 km to 41.2 km, and expect 74-kilometer 
range. 


324 The Opus of Amateur Radio Knowledge and Lore 


During the summer months, UHF stations often will 
communicate well over 300 kilometers on the flat land, 
with minimal antenna height! Some may call this “super 
refraction,”, and the condition is most prevalent when a 
static high-pressure system is overhead both stations with 
stratified, smoky air hanging on the horizon. 

Air pressure normally decreases with altitude in an 
approximately logarithmic manner; The higher we go in 
elevation, the less air pressure there is, Air temperature 
also decreases with altitude, approximately 20-degrees F 
for every mile of increased height, up to 40,000 Ieet. 

The number of water molecules also decreases with alti- 
tude, resulting in atmospheric density decreasing with 
height above the surface of the Earth. 

Both light waves and radio waves normally travel in a 
straight line, with the top portion of the wave front in thin- 
ner air accelerating faster than the lower portion of the 
wave front that drags in denser air. This is normal retrac- 
tion of both radio and light waves, with radio waves being 
more refracted than light waves. 

The bending of both kinds of waves in “normal” air is a 
slightly higher number than unity, around 1.000345 to 
1.000310. To determine refraction, or N, we use the fol- 


lowing equation: 
N = 106 (n - 1) 
where n = refractive index value 


This normal air is what we breathe and feel for about 10 
months of the year. In the summertime, large, high-pres- 
sure cells begin to form and sometimes remain stationary 
for up to a week, causing stuffy, smelly, stratified layers of 
air overhanging your favorite ham shack. In California, we 
call it SMOG! 

These high-pressure systems are tracked hourly by 
weather forecasters all over the world. We can receive free 
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weather system forecasts with emphasis on enhanced 
VHF/UHF ranges at www.dxinfocentre.com, known as the 
Hepburn weather charts. These charts are amazingly 
accurate and describe the areas where “subsidence” is tak- 
ing place. Subsidence is the fallout of a high-pressure cell 
where heavier air begins to sink and stratify above oceans 
and flat lancl masses. The stratified air is squished by 
descending air above and more dense air directly below. 
When air gets squished, it heats up and becomes higher in 
pressure than the air above and below it. It also may some- 
times pull in moisture from summertime hurricanes just 
south of the static high-pressure system. 

As the high-pressure system builds and stalls across the 


United States, some amazing long-range paths open up on 
VHF, UHF, and the microwaves: 


1. The Atlantic High, between the east coast of the U.S. 
and Europe (yet to be worked on VHF and UHF) 
2. The Pacitic High, between the west coast of the U.S. and 


the Hawaiian Islands (we work this path every July and 
August.). 


wo 


. South Pacific Island Highs and Indian Ocean High 
. The regular high-pressure system between South 
America and Africa. 


p> 


. Summertime stalled high-pressure cells traveling west 
to east across the United States. 


In general, you can see a “tropo,” and many times you 
can feel it! What you see is a band of smoke and smog that 
goes horizontal, at about 500 to 1000 feet up. It smells like 
pollution, and weather conditions are hot and sticky. 
There is very little wind, and the weather person says you 
have two or three more days of this uncomfortable hot 
weather ahead. This is the perfect time to fire up the 
VHF/UHF/microwave gear! 

When the subsidence develops an air pressure below 
reaching 1026 millibars, an extended radio path begins to 
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form. Here is where a DSP add-on speaker may hush back- 
ground noise and let you tune the beacon portion of the 
bands for distant signals. Most beacons are horizontally 
polarized, yet even a vertical antenna may be a great way 
to tune in a National Weather Service FM transmitter at 
162 MHz up to 700 miles away! 

“At the height of the tropo duct, I did a scan of my over- 
the-air digital TV channels and received some amazing tel- 
evision signals 600 miles away,” comments Bill Alber, 
WAGCAX, an avid West Coast microwave enthusiast. 

Your location in altitude is one component of a suc- 
cessful tropo-ducting long-range contact. Don’t run to 
the top of the hill until you know if your end of the tro- 
pospheric duct is high or low. In southern California, the 
Hawaii KH6GHME beacon at 8000 feet elevation on the Big 
Island is best received “on the deck” here in coastal 
regions. Although we have a mountain range to climb up 
to 7000 feet, this is almost always far above the tropo 
duct with absolutely no reception of the distant 2500- 
mile away signal, yet those down at the shore may be 
hearing the far-away beacon with not much more than a 
single loop antenna. 

Commercial airline pilots have told stories of distant air- 
traffic controllers coming up on a local channel as they 
begin their approach to a regional airport. The pilots say 
they can actually see their entrance into the band of smog 
and nearly instantly hear calls from 500 miles suddenly 
coming over their VHF AM aircraft transceivers. 

The tropospheric duct will also move laterally, much like 
a garden hose that wanders in slow motion unrestrained 
across the lawn or driveway. As little as 5 miles separation 
between two receiving stations may allow an 800-mile 
away beacon to be heard at one station S-9, while the other 
station hears nothing. Stay patient. About an hour later, 
the situation may reverse! Lateral selective fading is very 
common with long-haul tropo, even in still air. 
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Studies of polarization reveal that a transmitted horizon- 
tal signal is seldom received with a vertically polarized 
beam. Tests between my station and KH6GHME in Hawaii 
have compared vertical-to-vertical and horizontal-to-hori- 
zontal performance and have shown to be almost equal. 
However, since most long-range DX tropo beacons and 
tropo stations work horizontally, your best reception will 
also be horizontal 100% of the time. We have never seen a 
polarization change. 

Long-range tropospheric ducts many times intensify in 
the presence of a low-pressure hurricane to the south. 
Warm tropical air feeds into the stratified tropo duet and 
the temperature increases, where Delta 15 degrees will 
almost always lead to long-range VHF/UHF contacts. 
During the yearly Pacific high tropospheric ducts between 
California and Hawaii, my records dating back to the late 
1970s always show amazing signal enhancement with a 
hurricane spinning to the south. Satellite imagery shows a 
telltale undisturbed light-gray smooth haze overlying the 
Pacific Ocean between Hawali and California. 

The Hepburn charts are indispensable in their accuracy 
of predicting upcoming long-range VHF/UHF band open- 
ings. The color calculations come from multiple meteoro- 
logical sources and soundings, and if it doesn’t show yel- 
low or red between your location and your friend's a thou- 
sand miles away, don’t expect the band to be open! 

Never before have manufacturers made it so easy for 
beginners to explore weak-signal VHF and UHF SSB and 
CW propagation. No longer must we go out and buy a $600 
multimode single-band transceiver, although | still have 
my trusty Kenwood 751 A! I also have Kenwood, Yaesu, 
and ICOM HF rigs each with multimode capability on 2 
meters and 440 MHz, and they are just as hot as my older 
single-band multimode gear with a GasFet front end. 

As more sensitive weather satellites go into orbit, pre- 
dicting high-pressure stratified-air tropo paths will be far 
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easier than ever before. But one thing for sure, the best 
time for tropospheric ducting is between Field Day in June 
and back-to-school time in September. July and August 
will give newcomers with horizontal antennas some real 
excitement down in the beacon portions of the VHF/UHF 


bands. 

Let’s all get those new Techs and Generals to better 
understand that their equipment for HF with included VHF 
and UHF multimode can lead to some heart-pounding 
thrills when the high-pressure cell moves in and the tropo 


paths begin to build! 
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Appendix II 
How to Build a Dipole Antenna 


I am an active participant in several Amateur Radio 


Internet forums. Certain technical questions, naturally, 
recur with some disconcerting regularity, but by far the 
most commonly asked question ts: How do [ build a dipole 
antenna? I'm not joking here. 

My first instinct is to reply with a snide remark such as; 
“This isn't rocket science, fellas! It's a lousy piece of wire! 
How many ways can we explain the blasted (bloody) 
thing?” However. in the end my professorial patience wins 
out. Well, most of the time, anyway. 

Here's the deep, dark secret: A dipole is a just a lousy 
piece of wire. Well, actually two of them, in its most com- 
mon form. Here's how to build a dipole: 

First, obtain a lousy piece of wire. The wire may be solid 
copper. It may be stranded copper. It may have insulation. 
It may be enamel coated. It may be bare. It may be galva- 
nized steel. It may be new. It may be rusty. It may be 
straight. It may be knotted and kinked. It may be thin, It 
may be thick. It doesn’t matter. 

Now you have to make a crucial decision: On which 
Amateur Radio band do you want to operate? Notice, we 
did not say “bands.” We said “band.” Your first dipole will 
not work worth beans on multiple bands. Don't even try. 

Pick one. We strongly recommend 40 meters as your 
“default” band, for a number of reasons. Trust me on 
this one. 

Measure off 67 feet of your wire. Cut it. Fold it in half, 


Cut it again. You now have two lousy pieces of wire, each 
33-1/2 feet long. 


830 The Opus of Amateur Radio Knowledge and Lore 


Next you will need to obtain three insulators, one for the 
middle and one for each end. These can be large plastic or 
fiber washers. They can be fluorescent magenta teething 
rings. They can be short loops of rope or cord, They can be 
tongue depressors with holes in them. 

Let's do the center insulator first. Place your two wires 
out end to end. Loop 3 inches of one of your wires through 
the insulator. Fold it back on itself and twist it together 
tightly. Do the same with the second wire. Be sure the two 
wires don't touch. Give a good yank on the wires to be sure 
they don’t unravel and that the insulator doesn't break. 

You now have a dipole. 

Now we need to devise a means of getting your radio sig- 
nal to the center of the dipole. The most direct means, of 
course, is to insert your radio transmitter directly into the 
center of your dipole. This could present some logistics 
problems, however, if the center of your dipole happens to 
be 30 feet in the air. The more convenient approach is to 
use some form of transmission line between your trans- 
ceiver and your dipole, which allows your dipole to be up 
in the air, while you and your radio remain down on the 
ground. 

The simplest form of transmission line is another lousy 
pair of wires, except these are in parallel. They can't be 
quite as lousy as your dipole wires, however. They must 
either be insulated wires, or you must devise some means 
of keeping them separate along their entire length, prefer- 
ably with uniform spacing, the more traditional approach. 
Clear Polyethylene lamp cord or “zip cord" is one conven- 
ient, low-cost alternative solution. Your transmission line 
should be long enough to get from your dipole’s center at 
its final elevation to your radio, plus around ten extra feet. 

If you use the zip-cord approach, split the end of the zip 
cord about six inches. Tie a knot just below the split so it 
doesn't split any farther. A figure-eight knot or an “electri- 
cian’s knot” is fine for this. Feed the free ends through the 
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center insulator, and connect them to your dipole halves 
by any sound electrical means: soldering, wire nuts, or 
wire clamps (Kearneys). 

At the outside ends of your dipole, attach the end insu- 
lators, just as you did at the center. Feed a section of rope 
through each of the end insulators and tie it off securely. 
Use the free ends of the rope to hoist your dipole as high 
as possible, attaching to any convenient trees, poles, 
eaves, or giraffe necks, preferably keeping it reasonably 
horizontal. 

Feed the zip cord in through your window or whatever 
entry point you have. Take the extra 10 feet of zip cord and 
coil it up in a G-inch diameter coil, taping the coil together 
securely. You can hang the coil on the wall behind your rig 
with a cup hook or picture hanger. Install an appropriate 
plug on the end of the zip cord, most likely a PL-259. If you 
have a balanced tuner, you can attach your zip cord ends 
directly (so much the better), but this will work fine with- 
out one on 40 meters. 

That's all there ts to it. 

Now undoubtedly, some of you will be wringing your 
hands and hyperventilating at this point. “Where do I put 
my SWR meter? There's no coax!" 

Bingo! That's exactly the point. If you need to be told how 
to build a dipole, you aren’t ready for coax cable, much 
less an SWR meter (see the Appendix section of this book). 
You don’t need to know your SWR. You don’t want to know 
your SWR. You couldn't measure it even if you did want to, 
at least not without some custom-built test equipment. 
Ignorance is bliss. Be blissful and get on the air. 

Amateur Radio was around for over half a century before 
the invention of the SWR meter...or coax cable. 

Now for those of you who still, beyond all remedy, 
absolutely, positively need something to measure, obsess, 
and/or worry about, why not measure, obsess, and/or 
worry about something that actually means something? 
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Something such as anfenna current, This is what old-time 
hams measured, and it’s still what broadcast engineers 
measure. You can actually learn something about anten- 
nas this way. 

See the February 2009 QST article, “Keeping Current 
with Antenna Performance” for a great education. 

In closing this topic, I really need to mention that a great 
deal of frustration amongst new hams is due to attempting 
everything at once, trying to be a jack of all trades. A sta- 
tion that works well on one band will give you a hundred 
times the pleasure of a station that limps along on several 
bands. This is why I advise all new hams to avoid multi- 
band antennas like the plague .. . at least until you have 
a feel for how the things work. 

One of my Elmers was a hard-core, 40-meter CW opera- 

tor. That's all he ever operated for at least 30 years. He's 
probably still doing that if he’s not a Silent Key by now. By 
the time I met him, he had worked nearly every country in 
existence on that band and mode. He could have afforded 
any rigs, modes, accessories, and antennas he wanted. He 
had one antenna, a three-element monoband monster 
Yagi. 
What kept this fellow interested in the hobby for decades 
with the supposed “restrictions” of one-band operation, 
while so many new hams, with DC-to-daylight rigs at their 
fingertips, drop out of the hobby after mere days or weeks, 
never to be seen again. The road to a successful and 
thrilling ham experience isn’t in a lot of hardware; it's in 
thoroughly understanding some basics, Amateur radio 
isn't something you buy; it's something you learn. A sim- 
ple, effective antenna is the best place to start. 
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Appendix IV 


Ladder Line to Eternity 
(SWR Meters Make You Stupid) 


It may have already occurred to you that it might be 
desirable to locate your amateur radio antenna at some 
distance from your transmitter and/or receiver. In fact, 
unless you intend to operate your station from the top of a 
tree or a tower, it is very likely that you will be employing 
some lorm of transmission line. The purpose of a trans- 
mission line is to convey radio frequency energy from a 
radio set to an antenna, or vice versa, in as painless a 
fashion as possible. You can think of a transmission line 
as an extension cord for RF. In fact, for the lower regions 
of the radio frequency spectrum, actual extension cords 
can serve reasonably well for reasonable distances. 

Like so many other facets of Amateur Radio, the trans- 
mission line seems to have taken on a life of its own, accu- 
mulating a vast, sticky, woolly hairball of misinformation 
along the way. This is all so unnecessary. A transmission 
line is a means to an end, never an end in itself, and don't 
let anyone tell you otherwise. 


A Bit of History 

In the early years of radio, there wasn't much of a line of 
demarcation between a transmission line and an antenna. 
In fact, let's look at a very typical Amateur Radio antenna 
of days past. It consisted of an array of parallel wires, or 
“flat-top” arranged much like a clothes line, and a single 
wire leading from the flat-top to the transmitter. This sin- 
gle wire “transmission line” typically radiated as much sig- 
nal as the flat-top antenna itself, which wasn’t necessarily 
a bad thing. Anything you could hang out there in space 
that radiated a signal was a help. 
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Countless hundreds of thousands of long-distance radio 
contacts were made with such contraptions. 


If it Ain't Broke, Fix it Anyway 

Despite the unquestioned effectiveness of such an 
arrangement for much of Amateur Radio's history, for 
some mysterious reason, sometime around the end of WW 
I, it was decided that life shouldn't be so simple. This 
bizarre concept of “specialization” began to infiltrate life on 
planet Earth. The Nazis decided that an antenna should 
radiate and a transmission line should not. It was discov- 
ered that a single-wire transmission line could be made to 
not radiate by placing another single-wire transmission 
line next to it and grounding it at the “bottom” end—the 
end nearest the transmitter. Add twice the copper to dis- 
able half the antenna. . . .What a deal! 

Well, this is one concept that, alas, couldn't be blamed 
on the government. It was actual Radio Amateurs who 
came up with this “idea.” The end product of this was what 
was called the “Zepp” antenna, because it was used on 
Zeppelins. 

Actually, we shouldn't be too harsh. The whole idea of a 
non-radiating transmission line was to somewhat remove 
one source of high-voltage RF from the immediate vicinity of 
a gasbag the size of Milwaukee filled with hydrogen. For 
some peculiar reason, certain white-smocked hand- 
wringers were a bit nervous about sources of high-voltage 
RF being right next to a gasbag the size of Milwaukee tilled 
with hydrogen. Since the on board radios at the time were 
spark-gap transmitters, it probably wasn't too bad an idea to 
keep this fact under consideration, after all. We still ended 
up with the Hindenburg disaster, but at least it wasn't 
caused by the radio on board! (At least as far as we know.) 

After hams resumed their post-war operations, and had 
better things to do with their skills than preventing dirigi- 
bles from bursting into flames, they discovered that the 
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Zepp antenna actually worked fairly well on the ground, 
too. (Well, actually a few feet eff the ground, but you see 
our point). " 

Now in order to keep the two halves of the Zepp trans- 
mission line fairly parallel, under which condition they did 
the least amount of radiating, the two wires were held 
together (or apart) with uniformly spaced insulators, giving 
the transmission line a somewhat ladder-like appearance. 
Oddly enough, it came to be called ladder line. Of course, 
once again, they couldn't leave well enough alone. Some 
genius somewhere imagined that the top end of the second 
wire of the ladder line should actually go somewhere. In 
the conventional Zepp configuration, it didn’t. It just 
ended. This bothered some people. The fact that it actual- 
ly worked was immaterial. Some people just hate things 
such as lopsided antennas and the number Pi, no matter 
how well they work. Therefore, once again, they decided to 
try to fix something that wasn’t all that broken. 

After a lot of pondering about exactly what the free end 
of the ladder line should go to, one of the aforementioned 
someone's decided that if that went to an antenna wire as 
well, things might be more symmetrical. 

Thus was born the “Double Zepp” antenna, actually two 
Zepp antennas fed end to end with just one transmission 
line. The symmetry gods were pleased, and to be honest, the 
antenna actually worked slightly better than the single- 
sided Zepp. [t had a slight amount of actual gain over the 
original incarnation. However, perhaps more significant, the 
function of the antenna and the transmission line were now 
two entirely separate entities. Everything was wonderful. 

Actually, not. Our troubles had just begun. 


Don't Try This at Home 

With a few very rare exceptions, the early impoverished 
Radio Amateur usually had little if anything that resem- 
bled actual test equipment. In fact, most of the diagnostic 
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equipment that today’s hams take for granted was not 
available at any price for much of Amateur Radio's exis- 
tence. This was actually a good thing, for a few reasons: 


1, Amateur radio station performance was based strictly 
on, well, performance. The only indication that things were 
working as they should was the fact that one was making 
a lot of contacts. The lack of test equipment kept the end 
goal well in sight. 

2. Ham radio was cheaper. Why use an expensive plate 
current meter when you could check your transmitter’s 
tuning by seeing how long an RF are you could draw from 
the final tube'’s plate cap to the tip of a lead pencil held in 
your bare hand? Yes/Hams actually did this, and most 
lived to tell about it. Cabinet? What cabinet? 

8. You were likely to make a useful accidental discovery 
from time to time. Theory is great, to a point. It helps 
explain what you already have discovered by accident, but 
it doesn’t often lead to new discoveries, at least on its own, 
You need to get knocked on your keister a few times and 
singe a few eyebrows to really understand radio. (Don't tell 


OSHA I said this, by the way.) 


The salient point is that having a lot of “tools” around 
usually gives you more information than you need to 
know, and unless you know how to use that information, 
it can be worse than ignorance, as we shall shortly see. 

Sometime between the two wars to end all wars, Radio 
Amateurs discovered that you could make a transmission 
line radiate almost nothing if you kept the currents in each 
leg of the ladder precisely equal in magnitude, and out of 
phase. This allowed the antenna to behave more like a 
pure antenna, and the transmission line to behave like a 
pure transmission line. The original Zepp was a half-step 
in this direction, but the double Zepp really completed the 
task. Hams started worrying about transmission-line cur- 
rent balance a lot, whether they could afford to or not. If 
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you were really cheap and/or poor, the instrument of 
choice was a pair of incandescent lamps, one in each leg of 
the ladder line. If you were really high-falutin’ you had an 
actual RF ammeter tn each leg. (You can see these instru- 
ments in a lot of old ham station photos; they were about 
the size of modern watt-hour meters). If the currents were 
equal in each leg, it meant your antenna was doing most 
of the radiating, and the transmission line wasn't, which 
generally was a good thing... with but one small rub. 

The antenna current meters, whether they were just a 
couple of light bulbs or high-falutin’ RF ammeters, told you 
nothing about the relative phase between the two legs. 
However, it was generally assumed that if your double 
Zepp antenna was physically symmetrical, and your ladder 
line was relatively perpendicular to said double Zepp, the 
current phases would be, indeed, equal and opposite. 
Therefore, although not really scientifically rigorous, the 
RF ammeter pairs turned out to be quite useful, At the very 
least, tuning for maximum RF current always resulted in 
the strongest radiated signal. In the case of light bulbs, 
you just tuned for maximum brightness, and all was right 
in the world... for a while, at least. 

However, hams being who they are, they weren't content 
unless they had something new to worry about. At this 
point, we need to take a small departure, and introduce yet 
another Dead Ham (see Chapter 2), an obscure German 
electrical engineer by the name of Ernst Lecher. He lived at 
the turn of the century, the 20th century, that is. His work 
had already, for the most part, been learned and forgotten 
by much of the radio world by mid century. Alas, poor 
Ernst did much of his great work before anyone had a use 
for radio. He was well ahead of his time. Unfortunately, if 
you look up Ernst Lecher on the Internet, you will be 
inundated with all sorts of really bizarre “information” 


about things like psychic energy and even dousing rods, for 
Pete's sake! 
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The Lecher Line 

Let me set the record straight on behalf of poor Ernst, 
who is undoubtedly spinning in his grave and unable to 
defend himself against his brainless “disciples” and vari- 
ous other tin-foil-hat groupies. Ernst Lecher had absolute- 
ly nothing to do with metaphysics, dousing rods, psychic 
energy, or any other kind of New Age wacko pseudo-sci- 
ence. He was a real scientist, a real engineer, and achieved 
real results in a real laboratory. I pronounce a festering 
pox upon all those who desecrate his name with such 
unmitigated balderdash. 

Let's look, instead, at his real contribution to radio knowl- 
edge, the Lecher Line, (also known as the Lecher Wire). 

A Lecher line is a fabulously simple and revealing instru- 
ment. It allows you to measure wavelength of a radio sig- 
nal directly, the first instrument in existence to allow one 
to do so. It consists of nothing more than a pair of parallel 
wires or copper rods, a couple of wavelengths long or so, at 
the frequency of interest, with a yardstick or (or meter 
stick) placed along the line. You also have a moveable volt- 
age detector so you can measure RF voltage at any location 
along the line. (I built a really snazzy Lecher Line for my 
electronics class that always generates lots of ooohs and 
ahhs from my rapt students). 

You feed a small amount of RF into one end of the line, 
which sets up standing waves along the line. As you slide 
the RF voltage indicator along the line, the voltage will 
swing between some maximum voltage and zero each half 
wavelength. You simply measure the distance between the 
zero voltage points and voila, you have precisely half a 
wavelength. Well, almost precisely, since there's a small 
delay time of a wave propagating through a Lecher Line as 
compared to free space. That is, the velocity factor through 
a transmission line is slightly less than that of free space— 

just a couple of percent additional delay for a typical set of 
lines with about 3-inch spacing between rods. (You can 
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also measure the distance between maximum voltage 
points, but these are much less defined, whereas a zero or 
null is extremely sharp). 

At any rate, it's a very sensitive and accurate instrument. 
In fact, until the 1950s the Lecher Wire was the most accu- 
rate known means of measuring UHF signals. Frequency 
counters didn’t exist. 

The Lecher Line also serves as an extremely high Q 
(selective) circuit in UHF amplifiers and filters. Variations 
of the Lecher Line (loaded Lecher Lines) have also been 
used that are a bit smaller than the full-size version. Most 
high-power FM broadcast transmitters still use some vari- 
ation of the loaded Lecher Line in the plate tuning circuit. 

In addition, devices such as the shorted stub tuner, 
nearly universal in the microwave industry, are based on 
the Lecher Line. In fact, as any microwave engineer can tell 
you, any impedance can be matched to any other imped- 
ance using just two stub tuners, all because of Ernst 
Lecher and his fabulous trained standing waves. 

So simple, so educational, so elegant, and so Incredibly 
useful, and yet sadly, one more source of posthumous 
Ernst angst. 

In recent years, standing waves have come to be viewed 
as something to be avoided like the Ebola virus. This, more 
than any other misconception, has resulted in the single 
greatest source of Amateur Radio Stupidity Exchange 
(ARSE). For some inexplicable reason that probably never 
will be known, presumably sentient, rational beings 
become the village idiots of the Petri dish when the term 
standing wave is uttered, wringing their collective hands, 
palpitating in unison and hyperventilating in horror. 

The fact of the matter is that about 95% of what makes 
radio work at all is the application of standing waves of 
some sort. Standing waves are like water. Just because 
some Cro-Magnon manages to drown himself in a bathtub 
is no reason the rest of us need to live on a diet of dry 
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sand. Amateur Radio needs standings waves to survive! 

Now, there may be a few readers who have never encoun- 
tered the term standing wave ratio, or SWR. If you happen 
to be one of these individuals, consider yourself most 
blessed, indeed. You will not have to “unlearn” anything. 
You are a blank slate, unencumbered by countless man- 
centuries of accumulated collective ignorance pertinent to 
the subject. 

Are you ready? 


Let's Get Started 
One of the best habits you can get into as a new Radio 


Amateur is the habit of measuring everything. You never 
want to take anyone's word for anything when it comes to 
Amateur Radio electronics (or any other subject, for that 
matter), even from an infallible reliable source (or even 
me!). This one habit alone, if followed religiously, would 
eliminate 99% of ARSE, as defined above. The fact of the 
matter is that actually doing experiments takes a bit of 
work...repeating ignorance takes none whatsoever. Well, 
maybe flapping your gums uses a calorie or two, but that’s 
about it. 

Here's another great principle, right from the physics 
lab: If you want to know what's happening, follow the heat. 

What does this mean? It’s quite simple, actually, but it 
does have some subtle implications. When you generate a 
certain amount of radio frequency energy, it can only go to 
two places. It can be radiated into space, or it can make 
something hot. There are no other options. 

We'll see why this is crucially important as we move 


along. 


No End in Sight 
Let's take a look at a transmission line that’s infinitely 


long, our “Ladder Line to Eternity.” At the far end of the 
ladder line let's put a 100-watt light bulb. (Granted, it may 
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take you a while to stroll out there and attach the light 
bulb, and then stroll back to complete the experiment, but 
bear with us for a moment. 

Let's connect a 100-watt radio transmitter to the input 
end of our infinite transmission line. Let's turn on the 
radio transmitter for precisely one second, and then turn 
it off. Now let’s go make some coffee, and while it’s perking 
away, or dripping away. or reheating in the microwave, 
we'll rummage around in our closet and find an old pair of 
binoculars. We grab our coffee and sit on the lawn and 
train our binoculars toward the end of our infinite-length 
transmission line. (It might be advantageous to do this 
experiment at night, as you can imagine.) Actually, it will 
take an infinite amount of time for the one-second RF 
burst to get to the light bulb and another infinite period of 
time to see the results of the light bulb. 

Most likely this experiment will fail, unless you live to a 
really, really, really ripe old age. But that’s okay; even 
failed experiments are educational. 

Let's now modify our experiment a little so as to be a bit 
more likely to succeed. Let's use a transmission line that's 
only one light-minute long. That will be a mere 11.16-mil- 
lion miles long, plus some spare change, a much more 
manageable figure. 

Again, let's turn on our transmitter for one second and 
then turn it off, We'll now train our binoculars on the light 
bulb a mere 11.16-million miles away. After two minutes, 
we'll see the light bulb turn on, for exactly one second. 
(Again, keeping in mind it takes a minute for the light from 
the bulb to get back to your eyeball.) 

Now isn’t that amazing? 

At the risk of unduly complicating matters, we'll add a few 
minor details. One should know that a conventional incan- 
descent light bulb is horribly inefficient. If you're lucky, 
about 2-1/2% of the energy is actually converted into light; 
the remaining 97.5% is, you guessed it, heat. It also has a 
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resistance that changes dramatically with the power 
applied, which becomes more relevant when we use light 
bulbs for actual RF indicators, but we have a long ways to 
go in our lesson before those factors become significant. 

The important point to glean from this is that all the 
energy we sent down the transmission line (100 watt-sec- 
onds in this case, to be precise) is dissipated—that is, 
never to be heard from again. It is lost energy. Radio 
energy radiated from an antenna is also lost energy. Of 
course, it might be a little philosophically weird to call 
the energy radiated from an antenna “lost,” because that 
is the whole purpose of the thing in the first place. 
However, we can never call that energy back, which is the 
important point. 

Now, if you've been really paying attention, you may have 
thought to yourself, “What about that 59-second interval 
before the energy reaches the light bulb? How can we even 
define power or energy? Don't you need some sort of load? 
Until the burst gets to the light bulb, there is no load! 
Aren't we violating Ohm's Law, or something?” 

All excellent questions and they are central to the 
discussion. 

This is where we encounter a mysterious entity known as 
characteristic impedance, Characteristic impedance can be 
thought of as an equivalent resistance at the input end of 
an infinitely long transmission line. Its value is independ- 
ent of the length of the line. It is a function of the spacing 
between the conductors and the diameter of the conduc- 
tors. There's a formula that's not too complicated, but you 
don’t need to memorize it. You just need to know that the 
characteristic impedance is low for closely spaced, fat con- 
ductors, and high for widely spaced, thin conductors. For 
typical commercial-grade ladder line, it's about 450 ohms. 
In days of yore, homebrew ladder line generally ran at 
around 600 ohms. 

Now this is where we get to the good stuff. 
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As far as your transmitter is concerned, characteristic 
impedance of an infinite line appears as a real resistance. 
You can calculate power generated just as if the input ter- 
minals of the transmission line were a real flesh-and-blood 
(or at least, carbon) resistor. 

Furthermore, until the transmitted signal reaches the far 
end of the transmission line and back (we'll talk about 
reflected waves shortly), the input impedance is also equal to 
the characteristic impedance of the transmission line. In 
other words, the impedance a transmitter sees for a burst is 
always equal to the characteristic impedance, no matter 
what happens to be dangling at the far end of the line. (We 
will see that for steady-state radio signals the situation can 
be very different.) We could also say that at the instant of 
launch, we can use the characteristic impedance to calculate 
power and energy of any transmitted signal, using voltage 
and current just as if it were an actual physical resistance. 

Now if we were to remove the light bulb from the far end 
of the transmission line, and repeat the experiment, it 
wouldn't make a hill of beans worth of difference as far as 


our transmitter is concerned... at least for two minutes, 


after which time it wouldn't matter anyway, since by that 
time our transmitter has long been shut down! Our trans- 
mitter has no way of knowing (or caring) what's at the far 
end of the transmission line under instantaneous (short- 
burst) conditions. 

1 think you'll agree that the description of a burst’s 
behavior in a transmission line is pretty trivial . . . hardly 
worth elaborating. 

Where things get interesting (and more complicated), 
though, is when we have forward and reflected waves 
occurring simultaneously. But take heart, as we don’t have 
to deal with that quite yet. 

Let's return to our missing light-bulb configuration. 
What does happen to that 100-watt/second burst when it 
encounters a “bridge out” condition? 
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Interestingly enough, the RF energy doesn't just blorp 
out of the end of the transmission line into space. If it 
could do this, there wouldn't be much point in an antenna 
in the first place. In fact, if you could invent a transmission 
line that could efficiently blorp RF off into space, you'd be 
a very rich person, 

Instead, what happens is that the RF burst gets (totally 
reflected back toward the source. That energy has to go 
somewhere, and if it’s not converted into heat or radiated 
into space as a radio signal, it has to find someplace where 
it can do either one or the other. 

Well, to be perfectly honest, it does have one other 
option. It can keep bouncing around forever. We'll talk 
about that option a bit later. 

First, however, let's modify our test setup once more, 
Let's leave the far end of the transmission line flapping in 
the breeze. (Hmm. . . I guess at 11.16-million miles out in 
space there probably isn’t much of a breeze.) Anyway, we 
have an unterminated transmission line out yonder. 

At the near end we'll connect a double-throw switch so 

ve conveniently can connect either a transmitter or a light 
bulb to the transmission line. 

Now we'll throw the switch to the transmitter side and 
send a l-second burst. Next, we'll shut off the transmitter 
and throw the switch to the light-bulb side and wait a cou- 
ple of minutes (actually, 1 minute and 59 seconds). 

Voila! At the appointed time the light bulb shines for 1 
second. Aren't we amazed? What have we learned? Well, a 
couple of things, at least. 

Number one is that reflected energy is real energy. We 
were able to light our light bulb with the energy that was 
reflected from the far end of the unterminated transmis- 
sion line. 

The second thing we learned is that that transmission 
line is 11.16-million miles long. Well, we already knew that 
when we strung the thing out there, didn’t we? However, in 
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case we didn’t, we could have determined its length by 
carefully measuring the round-trip time, knowing that 
electrical currents travel through a transmission line at 
about 186,000 miles a second, plus some loose change. 

In fact, telecommunications people actually use this 
method in the real world for locating discontinuities in oth- 
erwise inaccessible transmission lines. This method is 
called TDR, for “Time Domain Reflectivity” measurement. As 
you might suspect, in the real world, we don’t usually have 
11.16-million-mile-long transmission lines. Actual TDR 
tests use much shorter bursts, generally on the order of 
nanoseconds, which will allow you to measure transmission 
lines that are mere hundreds of feet long. As long as your 
outgoing burst quits before your reflected burst comes 
back, you can do TDR tests. (You also don't generally use 
light bulbs for TDR detectors, but rather oscilloscopes.) 

No, let's talk a bit about the discontinuities mentioned in 
the previous paragraph. You don’t need totally open (or 
shorted) transmission line to give you a reflected energy 
burst. It's just that under these two conditions you get 
total reflected energy. (You also get total reflected energy if 
the termination is a pure reactance, either a perfect capac- 
itor or inductor, but we'll address that later.) 

At any rate, a discontinuity is any sudden change in the 
characteristic impedance of the transmission line, such as 
a point where the lines are squished closer together or 
stretched apart. (A sudden right-angle bend will also cause 
a small discontinuity.) A burst of RF will partially be 
reflected from any discontinuity in a transmission line. 
Part of it will be returned to sender; part of it will be passed 
along to the termination. Very gradual changes in charac- 
teristic impedance will not cause a discontinuity, In fact, 
“tapered” transmission lines can be used as smooth 
impedance matching devices. Things such as the slant 
wire feed and the delta match, both variations of the 
tapered transmission line, universally were used in the 
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broadcast industry and Amateur Radio for much of their 
early history. (There’s an ancient local AM broadcast sta- 
tion in Fairbanks, Alaska that until just a couple of years 
ago used a slant-wire-fed grounded tower! I had the dubi- 
ous honor of working on the thing at one time.) 

Anyway ... where were we? Oh yes .. . discontinuities 
and partial reflections. We need to set the record straight 
right here and say that these are not inherently bad 
things! We can use reflections on a transmission line to 
do all kinds of useful and wonderful things. We can't just 
ignore them, but we don’t need to wring our hands over 
them either! Things generally are simpler when there are 
no reflections to contend with, but this by no means 
suggests that a matched transmission-line system is nec- 
essarily any better than an unmatched one. We'll talk a 
bit about the conjugate match before too long. As a prel- 
ude to this, however, let's modify our experiment one 
more time. 

Let’s remove the light bulb from the double-throw switch 
and instead connect a shorting bar to those terminals. 
Switch the switch to the transmit side. Send a 1-second 
burst, turn off the transmitter, and then throw the switch 
to the other side. What happens when the pulse returns 
from the distant land and encounters the shorting bar? 
Why, it gets totally reflected back out to the far end again! 
In fact, it will keep bouncing back and forth between the 
two ends of the transmission line forever. Actually, we 
could remove the shorting bar and get the same result—an 
open transmission line is just as reflective as a shorted 
one. As long as there is no resistance in the termination, 
the reflection is total. 

We hope you have understood that all of the previous 
discussion assumes an ideal transmission line. We always 
have to study ideal components in order understand the 
real-world editions thereof. Actual, practical transmission 
lines have resistive losses in them, which complicates the 
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matter a little bit. In reality, an RF burst would never even 
make it to the far end of an 11.16-million mile transmis- 
sion line. (Well, actually, it would, but it would be less than 
the cosmic noise in the wire by the time it got there!) In 
reality, HF radio signals start running into trouble after a 
couple of miles, even in the best transmission lines 
humanly makeable. (I understand someone was able to 


make Ethernet work over a mile of rusty barbed wire, but 
this is not recommended practice!) 


Now for the FUN Part 

Hopefully you've been able to follow, and actually enjoy 
some of this transmissionOline stuff, because we're just 
about ready to get to the real meat. 

We've intentionally separated our forward and reflected 
signals for all the previous discussion. This is easy to do 
with short bursts, for (hopefully) quite obvious reasons. 

However, Amateur Radio transmissions do not consist o! 
such short bursts of RF (relative to the length of the trans 
mission line, that is). A CW “dit” is much less than a sec- 
ond long, but typical ham radio transmission lines are 
much less than 11.16-million miles long, as well! In typical 
communications service (as opposed to RADAR), any 
reflected signal on a transmission line is almost assuredly 
going to coincide with, or overlap, the outgoing signal. This 
opens up entirely new phenomena . . . as well as potential 
for contusion. 

Whenever two electrical signals overlap each other in a 
conductor, you have the potential for interference to occur. 
If you remember from our chapter on antenna fundamen- 
tals, interference can be either constructive or destructive. 
Interference can occur in wires, just as it can in free space, 
with much the same results. 

Allow me to introduce one more term that will help tie all 
this together: the Superposition Theorem. The 
Superposition Theorem is one of those physical truisms 
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that seem so obvious it shouldn't even need mentioning, 
but it has profound implications. Stated simply, it’s this: 


At any point in time, any given location on a wire 
must have one and only one voltage. 

This seems pretty obvious, doesn't it? Or to state it even 
more basically: You can't have two voltages in one place at 
the same time. 

How does this truth affect life on Earth as we know it? 

If we have two waves traveling on a wire—one going east 
and one going west—at any point on the wire the waves 
must add or must subtract. There are no other options. 

Now whether they add or subtract depends on their rel- 
ative phasing. For the case of total reflection, we have a few 
options. An open transmission line termination (no termi- 
nation) will return a reflected radio signal in phase with the 
forward signal. The two signals will superimpose, or add, 
at the point of reflection. Since the forward and reflected 
signal amplitudes are equal, the voltage at the termination 
point will be twice what it would be if no reflection existed. 
You can actually see this with a Lecher Wire. Remember 
the Lecher Wire? You just knew we'd come back to that 
sooner or later, didn’t you? Well, here we are! 

What about the case of a dead short at the termination? 
Again, we have total reflection, but the reflected wave is 
180 degrees out of phase with the forward wave. Therefore, 
the superimposed voltage will be the difference between 
the forward and reflected signals, which are, as mentioned 
above, exactly equal (but opposite). The resulting voltage at 
that point will be zero, as the Superposition Theorem tells 
us it must be. But we already know that, because we 
always have zero volts across a dead short! Thus, whether 
we're treating our transmission line as a “lumped con- 
stant” (Ohm’s Law) device or as a “distributed” (wave) 
device, we come up with the same answer! 

Which brings us to another deep truth about physics: 
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Our universe is staggeringly consistent. If we can't arrive 
at precisely the same answer to a problem by approaching 
it from two different angles, we're doing something wrong! 
You can always double-check this stuff. Don't take my 
word for it. Measure it yourself 

Now this process of superimposing an east-traveling 
wave and a west-traveling wave on a single pair of wires 
generates what is known as a standing wave. It's fairly 
obvious why it's called this; the relative values of voltage 
(superimposed voltage, that is) remain stationary relative 
to position along the line. You can see mechanical stand- 
ing waves on any vibrating object, a plucked guitar string, 
for example. Or you can wobble a curly telephone cord 
back and forth and generate nice standing waves (if you 
can still find a phone with an actual cord!). You can easily 
measure electrical standing waves with a Lecher Wire. In 
fact, that is its main function. 

Here’s something very interesting and important: 


Remember how we demonstrated that a forward-moving 
wave (traveling wave) has real energy? We lit up a light 
bulb with it. Remember how we demonstrated that a 
reflected traveling wave has real energy? We lit a bulb with 
that too. 

Guess what, though? A standing wave has no energy! It 
is a pure mathematical construct! It is analogous to isobar 
lines on a weather map. They indicate where air-pressure 
variances occur, but they are not air pressure in them- 
selves. 

A system that supports standing waves does indeed store 
energy. However, this energy is in the form of forward and 
reflected real energy waves. The standing wave is just the 
visible, but powerless (“wattless”) manifestation of the two 
traveling-wave components. 

This one point is where most of the Amateur Radio 
Stupidity Exchange concerning transmission lines comes 


350 The Opus of Amateur Radio Knowledge and Lore 


from. A standing wave in itself can do nothing good or bad 
to any piece of Amateur Radio equipment. Blaming stand- 
ing waves for transmitter damage or other ills, is like blam- 
ing the number Pi for the truck tire that ran over your foot. 
Yes, Pi describes the diameter and circumference of the 
truck tire that ran over your foot, but Pi is not a truck tire! 

Does this mean that we ignore standing waves? Not at 
all! However, we need to know that standing waves are an 
indication—not the thing itself. With the proper interpreta- 
tion, they can tell us a few things. Unfortunately, many 
hams have no clue how to properly interpret standing 
waves. Fortunately, we don’t have to! There are other 
much more meaningful indications than standing-wave 
ratio that we can use to know what's really happening— 
real things with real effects. 


Conjugal Rights 
The Superposition Theorem allows us to do some really 


amazing things with transmission lines. But to understand 
this requires that you have absolute faith in Ohm's Law. 
We already showed how consistent our physical universe 
is. You don't violate physical laws; they violate you. They 
apply everywhere, from all viewpoints. 

We talked briefly about characteristic impedance of a 
transmission line—how it’s built into the physical con- 
struction of the line, how it's totally independent of length, 
how it doesn’t care what's at the far end. 

However, despite this seeming rigidity, the Superposition 
Theorem allows us to ALTER the impedance of a trans- 
mission line at different locations, using the magic of wave 
interference. Let's look how this works. 

Let's return to the case of a transmission line with a dead 
short at the termination. We know the forward and reflect- 
ed power are the same, but the voltages are exactly out of 
phase. (Grudgingly deferring to the SWR-obsessed, we 
have infinite SWR on this transmission line). Now, moving 
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back from the termination by 1/4 wave, we see something 
interesting. We have added an extra 90 degrees of phase 
lag to our reflected signal, but that overlaps the outbound 
signal 90 degrees before the latter reaches the termination. 
What happens, then, is the two overlapping voltages are 
now O (or 360 degrees, depending on how you look at it) 
apart. In other words, 1/4 wave back from the termina- 
tion, the voltages are in phase and therefore add. 

We now have a maximum voltage point. However, when 
we look at the power, something doesn't add up. Or 
does it? 

How much power is delivered to the load? Well, a dead 
short doesn't dissipate any power, so the answer is zero. 
How much power is reflected? All of it. At any point along 
the transmission line, the reflected power equals the for- 
ward power, so the total power has to equal zero. But 
we're measuring a high voltage 1/4 wave back from the 
termination. How do we reconcile a high voltage with no 
power? The answer is Ohm's Law. What cireult condition, 
in combination with a very high voltage, gives us zero 
power? Infinite resistance! That's right. One-quarter wave 
back from the termination we have an Infinite resistance 
load. Physically, it’s a chunk of transmission line; electri- 
cally, it's a chunk of air. Pretty amazing, isn’t it? 

How about if we go back a half-wave from the termina- 
tion? Well, we get an additional 180-degree phase change 
between forward and reflected voltages. The forward and 
reflected voltages cancel, and we get zero. Let's double- 
check. Zero volts across zero ohms is how much power? 
Zero! 

Transmission lines repeat the load impedance every half 
wave, and invert the impedance every quarter wave—also, 
every odd multiple of a quarter wave. However, in every 
case if we have either a dead short or an open termination, 
the total power is zero. 


If we insert a transmitter at any point in the transmis- 
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sion line, how much power will the transmitter put out? 
Zero! 

What heresy is this?! A transmitter’s output power ts 
determined by the load impedance? Are we nuts? 

Well, do you believe Ohm's Law or not? How you 
answer the following two questions will reveal who the 


real heretic is! 
1, How much power can a transmitter put into a dead 


short? 

(Answer: Zero) 

2. How much power can a transmitter put into an open 
circuit? 

(Answer: Zero) 


You cannot violate Ohms Law. It violates you if you try. 

Often I hear statements such as “If you have a big mis- 
match, all that reflected power is going to come back and 
durn up your transmitter!” 

Impossible. Absolutely impossible . . . 
world, and most likely in the next as well. All that reflect- 
ed power, as we've clearly demonstrated, prevents the 
transmitter from generating the power in the first place! 

Engrave this on the inside of your eyelids: 


WHERE A TRANSMISSION LINE EXISTS, THE POWER 
GENERATED BY ANY RADIO TRANSMITTER EQUALS 
THE FORWARD POWER MINUS THE REFLECTED 
POWER IN THE TRANSMISSION LINE, ALWAYS. 


at least in this 


It's important to note the words “where a transmission 
line exists,” because this is far from always the case, Think 
of all those hand-held radios out there with a whip stick- 
ing right out of the radio. 

Are we saying that it’s impossible to damage any radio 
transmitter by having a “bad” load? No, not at all. You can 
torch almost any transmitter by putting a dead short on it, 
and you can fry most modern radios by having an open cir- 
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cuit on them, as well, mainly by over-voltage of the output 
transistors. However, it is not the SWR that does the dam- 
age! Never never, never! A transmitter always sees an 
impedance; it never sees an SWR. And don't ever forget it. 

We've talked about reflections. We've talked about mutlti- 
ple reflections, and it is with regard to multiple reflections 
that things get really useful and clever. 

The conjugate matching theorem tells us that maximum 
power will be transferred between a generator (transmitter) 
and a load when the load impedance is the complex conju- 
gate of the source impedance. This is a good thing to know. 
Without going into a lot of esoteric math, what the conju- 
gate match theorem tells us is that you can match any- 
thing to anything with just two components, one parallel 
and one series . . . and sometimes less, if you're lucky. 
When it comes to transmission lines, it translates into 
this: Any reflection in a transmission line can be compen- 
sated for with an equal and opposite reflection elsewhere 
in the transmission line. 

We should, in all fairness, add one small caveat to this: 
The load impedance must have a real value of resistance 
less than infinity but greater than zero. What this means 
is that you really can’t match into a dead short or an open 
circuit, but you can come really, really, really close to 
doing it, if you have large enough matching components. 
The real point is that you only need two of them. 

Let’s look at a practical example to demonstrate this. 
Let's say we have a dipole antenna that has a radiation 
resistance of 50 ohms. To keep things simple, let’s assume 
our antenna is perfectly resonant. (Reactive terminations 
of transmission lines can be a bit trickier to analyze.) We 
want to feed this with 450-ohm ladder line. We know that 
we will have a 9:1 impedance mismatch at the antenna. 
(Assuming our transmission line is very good, we'll have 
the same mismatch at the input end as well). Once again, 
in deference to our SWR worrywarts, we have an SWR of 
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9:1. Now this is one case where this SWR information is 
good to know. What this tells us is that we have a wide 
range of impedances to choose from, depending on our 
transmission-line length. We know that if we pick a multi- 
ple of a half-wavelength, our transmission-line input 
impedance will repeat the load impedance. Therefore, if we 
cut our line to be a full wavelength long, we will have 50 
ohms impedance, which will make most transmitters 
happy all by itself. What if we choose a transmission line 
length of ° wave? We know the impedance of a 1/4-wave 
line inverts itself. The quarter-wave transmission line is a 
very useful special case. If the load is resistive (which in 
this case it is), the input impedance is equal to the char- 
acteristic impedance squared, divided by the load imped- 
ance. (This is called the geometric mean.) This gives us 450 
squared divided by 50 = 202; 500/50 = 4050 ohms. 

Well, not too many transmitters are going to be happy 
with a 4050-ohm load, even if it is purely resistive! 
Therefore, this might not be too smart a choice of trans- 
mission line length. 

On the other hand, what if we replace our dipole with the 
venerable Double Zepp? As it turns out, the impedance at 
the center of a Double Zepp is on the order of 2500-3000 
ohms at resonance. Let's use a value of 2500 ohms, just 
for jollies. If we were to connect a 450-ohm line to the cen- 
ter of that, 1/4-wave long, what might we expect to see at 
the input end? Using our same geometric mean formula, 
we have 450 squared divided by 2500, which gives us an 
impedance of 81 ohms at the input end. Oh, joy, joy! This 
is well within the “happy” range of any typical ham trans- 
mitter. With no further adjustments whatsoever, our trans- 
mitter will put out 96% of the power that it would put into 
a perfect 50-ohm load, assuming the transmitter is truly 
optimized for 50 ohms. (I have to admit I cheated to come 
up with the answer. The venerable ARRL Antenna Book has 
all kinds of handy graphs to show power loss versus 
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impedance mismatching and such. It's okay to use cheat 
charts and computers as long as you don't use them as a 
substitute for thought processes). 

What have we done with the impedance inversion of the 
1/4-wave transmission line? We've performed a conjugate 
match. The impedance looking back toward the transmit- 
ter with the 1/4-wave section in place is the complex con- 
jugate of the antenna impedance itself, 

Now sections of transmission lines are not the only 
means of performing conjugate matching. In fact, using 
“series sections” as described above has become a bit of a 
lost art in most modern ham shacks. Standard practice 
now is to use a “lumped constant” antenna tuner, using 
one or more coils and capacitors to perform the conjugate 
match. As mentioned earlier, there is no fundamental dif- 
ference between lumped constants and distributed compo- 
nents as far as the physics is concerned. Any combination 
of distributed and lumped components may be used to 
achieve a conjugate match. In the above example, it might 
be practical to use a lumped component tuner to move that 
81 ohms down to 50 ohms for the truly obsessive. More 
commonly, a lumped tuner would be used to tune out reac- 
tances where the antenna is operated somewhat removed 
from its resonant frequency. 

It should be emphasized that no amount of twiddling of 
an antenna tuner at the input end of a transmission line 
has any affect whatsoever on the standing-wave ratio on 

that transmission line. The SWR is determined only by the 
load impedance at the line termination. The antenna tuner 
only adjusts the impedance the transmitter sees. 

This fact brings up another very interesting point. Let's 
say we have a 100-watt transmitter designed for a 50-ohm 
load. We have a wide range antenna tuner immediately 
after the transmitter. Beyond that, we have a length of 
transmission line, finally terminated in a severely mis- 
matched antenna. Let's use our very first example, with a 
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450-ohm transmission line and a 50-ohm antenna. We 
have a 9:1 SWR on the transmission line, Taking a gander 
at another ARRL Handbook chart, we see that we will have 
about 60 watts of reflected power on the transmission line, 

Remember what I had you engrave on the inside of your 
eyelids a while back? Transmitted power is equal to for- 
ward power minus reflected power: 

Now if we twiddle the antenna tuner so that our trans- 
mitter sees 50 ohms, we know the transmitter is putting 
out 100 watts. On the far side of the antenna tuner (away 
from the transmitter) we see GO watts of power reflected 
from the antenna toward the antenna tuner. Does some- 
thing seem amiss? Is our transmitter only putting out 40 
watts? No, it’s seeing 50 ohms, so we know it's putting out 
100 watts (assuming the transmitter is functioning prop- 
erly). Let's look at the forward power on the transmission 
line . . . 160 watts! Well, how about that? Now the math 
works out, but where does that extra 60 watts come from’? 
Our transmitter can only put out 100 watts. What have we 
overlooked? 

It's simple. It's a double reflection. The 60 watts of reflect- 
ed power is re-reflected from the antenna tuner. . . actu- 
ally added in phase with the original forward power. But 
why the double reflection? 

Without knowing it, when we adjusted our antenna 
tuner to make our transmitter “happy,” we created a con- 
jugate match on the other side of the tuner, It's actually a 
gross mismatch looking toward the transmitter, but it's a 
gross mismatch in the exact complex conjugate of the 
impedance looking the other way! 

Actually, in this example we have two complex conjugate 
pairs—one at the junction of the input of the tuner and the 
transmitter, and another at the junction of the antenna 
tuner's output and everything after it! 

Again, this is stuff you can consistently demonstrate on 
the work bench. I always love showing a room full of skep- 
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tical “SWR Gurus” how the forward power on the output of 
a tuner exceeds the power capacity of the transmitter! 

Well, | suppose I could go on and on about this absolute- 
ly intriguing subject, but instead [ll refer you to two pieces 
of required reading: 

“My Feedline Tunes My Antenna,” by Byron Goodman, 
WIDX (SK). Originally published in QST in 1956, it has 
been reprinted several times since. It is a genuine classic, 
and a fine example of clear analytical thinking . . . a rarity 
in ham radio today. 

Reflections Il, by Walt Maxwell, W2DU. This is the most 
eloquent and detailed work on the subject ever written. 
Most of the material in this appendix was “stolen,” not in 
prose, but in principle, from Walt's writings. It originally 
appeared in a series of QST articles in the 1970s, but has 
been consolidated. There were Reflections and Reflections 
II (both editions out of print), and now Reflections III, the 
latter published by CQ Communications in 2010 and a 
sreatly expanded version of the first two editions. 
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Appendix V 
ELI the ICE Man Cometh 


Throughout The Opus of Amateur Radio Knowledge and 
Lore, we have avoided the use of any daunting mathemat- 
ics. There are a few reasons for this. The Opus is more a 
book of the philosophy of Amateur Radio, than it ts about 
the technology of Amateur Radio. There are so many excel- 
lent electronics manuals out there already, some to which I 
have contributed. My intent wasn’t to make this merely a 
“me too” Amateur Radio handbook. I would not deign to 
compete with the venerable ARRL Handbook or the RSGB 
Handbook, or any number of excellent ham publications. 
Opus is written primarily for the potential Radio Amateur, 
and the innocent passer-by, not the current Radio Amateur, 
although there certainly are many salient points and 
humorous anecdotes for the seasoned ham, as well. The 
surest way to scare off potential Radio Amateurs would be 
to smack them upside the head with a lot of formulas. True, 
a few people are attracted to math like moths to Coleman 
lantern, but I'm not one of them. And if you aren't one of 
them, | feel your pain. I'm a lousy mathematician. 

However, there are certain aspects of electronics that 
really can't be grasped on a purely intuitive or mechanical 
level. Alternating-current electronics is one case where you 
almost need the complex math to explain what's physical- 
ly happening. Notice I said, “almost.” To be absolutely 
truthful, every AC fundamental concept can be demon- 
strated with a purely verbal description. It just takes a lot 
of verbs (and other parts of speech)! 

At the very least, even if you don’t know trigonometry or 
imaginary numbers, you should at least make a stab at 
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understanding the Pythagorean Theorem. In fact, any trig 
or imaginary (complex) electronics function you're likely to 
encounter can be solved with the Pythagorean Theorem. 
But first, a joke: 


The chief of the Kickapoo Indian tribe had three eligible 
daughters for sale—identical triplets. It was the time of year 
when young braves would come around to select a wile. 

The chief places two common deer skins and one very 
precious hippopotamus skin on the ground in front of his 
tepee. He has each of his lovely daughters sit on one of the 
skins, on display for the visiting braves. 

One handsome brave comes along and checks out the 
ladies. He points to the first triplet sitting on one of the 
deer skins and asks the chief, “How much?” 

“50 wampum,” replies the chief. 

The brave points to the second lovely triplet sitting on a 
deer skin, and asks, “How much?” 

“Also 50 wampum,” the chief replies. 

Finally, the brave checks out the third young triplet sit- 
ting on the hippopotamus skin. He points to her and says, 
“How much?” 


“100 wampum,” the chief replies. 
The young brave was mystified. The three young ladies 


were equally beautiful . . . exactly. 

“How come so much more?” the brave asks, 

The chief spoke wisely: “The squaw on the hippopotamus 
is equal to the sum of the squaws on the other two hides.” 


Now if I need to explain that joke to you, you probably 
have managed to evade most of high school math alto- 
gether. The actual expression is: “The square of the 
hypotenuse is equal to the sum of the squares of the other 
two sides.” (This is the Pythagorean Theorem.) 

The pleasant news in all of this is that all alternating- 
current problems can be solved by means of simple right 


triangles. 
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For example, if we want to figure out the total impedance 
of an electrical circuit consisting of a 3-ohm resistor and a 
4-ohm inductor in series, we can use the Pythagorean 
Theorem, The resistance R (8 ohms) is the base of the tri- 
angle, and the inductive reactance X (4 ohms) is the verti- 
cal leg of the triangle: 3 squared = 9, 4 squared = 16, and 
9 + 16 = 25. Take the square root of 25, and we have 5, the 
length of the hypotenuse of the triangle. Impedance (Z) is 5 
ohms. This {s your standard 3, 4, 5 right triangle. Nothing 
to it! 

The only thing we haven't addressed yet is the phase 
shift. There are two types of reactance: inductive reactance 
{as in the example above) and capacitive reactance, its 
complement. The only difference when using the 
Pythagorean Theorem is the direction of the vertical leg. 
For capacitive reactance, the vertical (or second) leg points 
downward; for inductive reactance, it points upward. 

In either an ideal capacitor or an ideal inductor, there is 
precisely a 90-degree phase shift between voltage across the 
component and current through the component. We remem- 
ber the direction of the phase shift by the mnemonic: 


ELI the ICE man 

E stands for voltage; I stands for current. L is inductance 
and C is capacitance. In the word ELI, which has induc- 
tance in the middle, voltage precedes current by 90 
degrees. In the word ICE, which has capacitance in the 
middle, current precedes voltage by 90 degrees. Pretty 
clever, eh? 

So, how do we figure out phase angles for complex net- 
works containing resistance and inductance (or resistance, 
inductance, and capacitance)? 

Well, we can refer to trig tables, but let's assume we're 
trig challenged. We can do the next best thing, though, 
draw the triangle and use a protractor! 

For an A. circuit, the phase shift is the angle between the 
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hypotenuse and the base of the triangle. In our example 
above, where R = 3 and XL = 4, the angle is 53 degrees. 
This is our phase shift. Again, nothing to it! 

It should be noted that this simple formula only works 
for series circuits. Parallel calculations are a bit trickier, 
but they still can be done with a straightedge and a 
protractor. 

For cases where both inductive and capacitive reac- 
tances exist (with or without resistance), the situation is 
very simple. Just subtract the smaller value from the larg- 
er, and then treat that value as your vertical leg. Opposite 
reactances always cancel. Again, it’s so simple a caveman 
could do it! (Except a caveman probably wouldn't care.) 

As far as a physical meaning is concerned, remember 
this: Reactances store energy and resistance dissipates it. 
In other words, no power is consumed in a reactance, but 
it is consumed in a resistance. Resistors get hot, while 
inductors and capacitors don’t. This is assuming ideal 
components, of course, which we must have for any math- 
ematical electronics analysis. 

When dealing with antennas and other resonant cir- 
cuits, our goal is to make ELI equal to ICE, in which case 
the reactances cancel, leaving only resistance to deal 
with. This is the simplest and most elegant goal of any 


AC electronics. 
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Appendix VI 


Hams Behaving Badly 
or 
How to Not to be a Lid 


Nobody’s quite sure where the term lid came from, but in 
all likelihood it was used before radio, probably on the 
landline railroad telegraph circuits. One explanation is 
that inexperienced telegraph operators would place a lid 
from a tobacco tin on the sounder to amplify the clicks. It 
sounds plausible enough, even if not confirmable. 

At any rate, the term lid survived its origins to become 
part of the ham lexicon. It means an inept or careless oper: 
ator. It is generally something to be avoided. 

Now, liddy behavior is as old as Amateur Radio itself. In 
fact, some of the finest traditions in Amateur Radio arose 
out of a response or reaction to liddy behavior! The Old 
Man himself (nom-de-plume of ARRL founder Hiram P. 
Maxim) became famous for his rants against “rotten oper- 
ating.” The dreaded Wouff Hong, the presumed implement 
of torture designed to be applied to lids, holds a venerated 
place in Amateur Radio lore. In fact, the actual ceremony 
has been resident at ARRL headquarters for the better part 
of a century. 

So, without hams behaving badly, a significant part of 
Amateur Radio would be nonexistent. Does this mean that 
hams should continue to act badly in order to contribute 
to our colorful culture? No. Just because crime novels 
make great reading doesn’t mean we should all go out and 
commit crimes. 

However, by acknowledging what constitutes bad behav- 
ior, and why, we can improve our operating skills and 
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practices, which, in turn, make life more pleasant for all 
involved. 

As in any culture, most Amateur Radio mores and cus- 
toms come about as expression of common courtesy 
(which may not be all that common, to be honest). Using 
accepted practices makes the machinery of Amateur Radio 
run smoothly. 

Now your first priority as a Radio Amateur is to operate 
legally. However, it is possible to dot every “T” and cross 
every “I” of the FCC regulations and still come across the 
air as a lid. As a new ham, some liddy behavior is 
inevitable and forgivable. Continued liddy behavior is not. 

In the Old Man’s time, there weren't a lot of ways to be a 
lid. Most hams used spark-gap transmitters, which occu- 

ried most of the radio spectrum. Nowadays, using a spark- 

‘ap transmitter would be the ultimate in liddiness, not to 

nention horrifyingly illegal. However, since everyone was 
using spark-gap transmitters back then, everyone was on 
an even plane— a very low plane, but an even one! 

The Old Man's original rant dealt almost entirely with 
having a bad fist—that is, poorly formed Morse Code char- 
acters. This made it difficult, if impossible, to copy, regard- 
less of technical limitations. It was a given that your signal 
would be as broad as a barn door and drift all over the 
band. It was all any ham could do to stay within the 
Amateur bands at all! Therefore, your “grade” on the liddi- 
ness scale was determined almost entirely by the quality of 
your fist. If you transmitted smooth, even characters, you 
were an Al operator. If not, well, then you weren't! It was 
as simple as that. 

As technology improved, the bar for decent behavior on 
the air was raised as well. | suppose the only other way you 
could be a lid on spark gap was to use bad language. | 
imagine there were probably people who could cuss a blue 
streak in Morse Code during the Old Man's time, but I’m 
certain the effectiveness was somewhat lost in the transla- 
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tion. It took the invention of the microphone to really be 
rude. Be that as it may, expectations rose with the tech- 
nology. As the spark gap gave way to the vacuum tube, the 
concept of frequency control became important. It was 
considered bad form to occupy an entire band with your 
transmitted signal. Although early vacuum-tube transmit- 
ters would tend to randomly land on any frequency in the 
band (if you were lucky), they didn’t simultaneously occu- 
py every frequency in the band. Appalling as this was, it 
was a marked improvement! 

This led to a new form of courtesy, asking “Is this fre- 
quency in use?” before a prolonged transmission. To a for- 
mer spark-gap operator, this sort of question must have 
sounded inordinately dainty. A high-power spark-gap 
transmission generally could be received with or without 
the benefit of any significant receiver selectivity, and some- 
times without the benefit of a receiver at all! (Marconi's 
original transatlantic experiments caused the air arounc 
one nearby neighbor's metallic clotheslines to glow purple 
in cadence with the Morse Code. Needless to say, this 
caused no small consternation to those uninitiated to the 
concept of “radio.”) 

Along with the gradual improvement of radio transmitter 
stability came a new type of signal reporting, the RST 
report. The T, or “tone,” of a radio transmission became 
important, and for some Amateurs a source of consider- 
able pride. It took quite a bit of doing to transmit a pure 
CW “note” free of buzz, drift, chirp, and several other 
potential maladies. 

As hams discovered how to transmit voice over their 
radios, brand new methods of liddiness became possible. 
Curiously enough, one of the liddiest habits among the 
new “phone” operators was a direct result of the best prac- 
tices of radiotelegraph operators . . . the use of Q signals. 

Q signals are radiotelegraph shorthand, largely borrowed 
from landline telegraph, but with a lot of radio-specific 
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symbols added later. They are three-letter groups starting 
with Q, such as QRM, QSB, QTH, ete. The purpose of Q 
signals is to make Morse Code communications more effi- 
cient and compact. They offer no advantages whatsoever to 
voice communications, however, and in most cases actual- 
ly slow down communications. The use of Q signals on 
voice was “rotten operating” in the 1920s, and it’s rotten 
operating now. Nothing says “lid” more clearly than using 
Q-signals on voice. 

In the 1920s, hams had only one real source of bad 
phone practices to draw from—i.e., inapplicable Morse 
Code practices. Modern phone operators have several stag- 
nant pools to draw from: the aforementioned CW only Q 
signals, CB radio, and public-service radio. 

Not only are “10 codes” lame sounding on Amateur Radio, 
but they are actually illegal, if you want to get technical! The 
Amateur Radio rules specifically forbid any form of encryp- 
tion whatsoever. Ten codes were specifically designed for 
official commercial use (where encryption is legal), for the 
express purpose of obscuring the meaning from the “bad 
guys.” Now although almost everyone knows what the 10 
codes mean, they are definitely outside the spirit of the law 
for Radio Amateurs. Besides, they serve no purpose. 

The microphone was invented so you could tall. Use 
words. Q signals are not words; 10 codes are not words. If 
you want to use Q signals, learn CW where they will do you 
some good! 

By the way, Morse Code is not encryption, since the code 
is known. Its purpose is not to obscure any information, 
but to make communications possible. Likewise with Q 
signals, which are known and accepted symbols. Coding 
and encryption are two very different things! 

Beyond the specific lid behaviors mentioned above, you'll 
never get in trouble for being polite. Listening more than 
you talk is usually good advice. During net operation, 
yielding to priority traffic is the polite thing to do. 


The Opus of Amateur Radio Knowledge and Lore 367 


Pointing out another Amateur’s liddy behavior on the air 
is one of the liddiest things you can do, In fact, if you don't 
identify yourself while doing this, you're both liddy and 
illegal. Amateur Radio does not need radio cops. Notice I 
didn't say we need fewer radio cops. We need no radio 
cops... zero, zilch, none whatsoever. There is no place for 
them, period. If you hear a ham who needs correcting, call 
him on the phone or write him a letter. 


e books will tell you how to become a Radio Amateur, but 
why. The Opus of Amateur Radio 
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We love the smell of ozone, soldering flux, and overheating 
transformer varnish. We love the sight of a glowing vacuum tube 
and the vision of a cubical quad antenna twirling in the heavens. 
We love the still small sound of a barely perceptible Morse Code 
signal buried in a chorus of static crashes. In other words, we are 
lovers of radio. After reading The Opus of Amateur Radio 
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